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NOTATIONS

The following symbols are used in this report:

Symbols and Abbreviations

Ac = area of triaxial test specimen after consolidation

amax = maximum base rock acceleration

Bc = Skempton's pore pressure coefficient after con-
solidation

C = cone penetration test sounding prefix

c = cohesion intercept of a strength envelope

CR = clearance ratio of sampling tube =ID ECE

where ID = inside diameter of tube
and CE = inside diameter of cutting edge

CR = consolidated undrained cyclic load triaxial test

CR = "R test followed by an R phase

DI0 = diameter at which 10% of the soil is finer by weight

E = east

et = void ratio in sampling tube

e = void ratio

ec = void ratio after consolidation

ES = exploration shaft

e19 8 5 = in situ void ratio at time of sampling in 1985

e1971 = in situ void ratio immediately prior to 1971
San Fernando earthquake

F = force

Fa = maximum cyclic load applied in CR test



NOTATIONS
(continued)

FD = field density test

FL = factor ot safety against liquefaction susceptibility
(equal to ratio of Sus/Td)

Fr = maximum load above anisotrp ic load felt by sample

during cyclic loading in Ctest

ft = feet

G = specific gravity of solids

G = shear modulus

g = acceleration due to gravity (32.2 feet per second)

Gmax = shear modulus at very low strains

Kc = consolidation stress ratio = ;1c/53c

Ko = coefficient of lateral earth pressure, equal to
h/ v

k(t) = time history of average acceleration of sliding mass

kmax = maximum value of k(t)

ky = yield acceleration

LV = laboratory vane shear test; undrained

N = north

N = standard penetration tec- hlowcount, blows/foot

NGVD = National Geodetic Vertic, atum; elevation

p = mean of minor and major effective principal str&Gcc
or vertical effective stress when used in the form c/p

q = one half of difference between major and minor
principal stress; shear stress on plane inclined at
450 to major principal plane;

qa = maximum applied q during CW test; summation of
qc and Fa/A'

ili



NOTATIONS
(continued)

qc q at completion of consolidation

qp = q when peak shear stress is reached during triaxial
test

qr = maximum soil stress felt by sample during CK test;

summation of qc and Fr/Ac

qs = q during steady state deformation

qus = q during steady state deformation; undrained
conditions

R = consolidated undrained, monotonically loaded triaxial
test

S = south

S = degzee of oaturation

S = split-spoon sample boring number prefix

S = consolidated drained, monotonically loaded triaxial
test

sec = seconds

Sds = drained steady state shear strength

SSL = steady state line

Sup = peak undrained shear strength

Sus = undrained steady state shear strength

Sy = yield strength

t = time

t = tons

tsf = tons per square foot

TS = tripod tube sample number prefix

U = undisturbed sample boring number prefix

V\



NOTATIONS
(continued)

U = undisturbed sample number prefix for fixed piston

samples trom borings

uc = backpressure in triaxial test

V = volume

W = west

W = weight of sliding mass

as = slope of line through points representing steady
state of deformation on stress path plot (q versus p)

AV = change in volume

Ae = change in void ratio

6 = shear deformation

7a = axial strain

es = axial strain when steady state deformation is reached
during triaxial test

cp = axial strain when peak shear stress is reached during
triaxial test

E ec = axial strain at end of cyclic loading in CR test
(see Fig. F105)

Erf = axial strain at start of rapid failure in CR test
(see Fig. 105)

£tr = triggering axial strain; axial strain required to
trigger liquefaction failure

T = shear strain

Yt = total unit weight

Td = dry unit weight

Ydc = dry unit weight at end of consolidation

Ytr = triggering shear strain; shear strain required to
trigger liquefaction failure



NOTATIONS
(concluded)

= Poisson's ratio

ps = friction angle at steady state of deformation in
terms of effective stress

qp = maximum effective stress friction angle computed from

a Mohr diagram

ch = horizontal effective stress

al = major principal effective stress

o1c = major principal effective stress after consolidation

0 3ec = minor principal effective stress at end of cyclic
loading in CR test (see Fig. F105)

03s = minor principal effective stress during steady state
of deformation

0 3rf = minor principal effective stress at start of rapid
failure in CR test (see Fig. F105)

03 = minor principal effective stress

0 3c = minor principal effective stress after consolidation

of = effective normal stress on failure plane

ofs = effective normal stress on failure plane during
steady state of deformation

a% = vertical effective stress

oo = octahedral effective stress; also contact stress
between soil particles

= shear stress on failure plane

Td = driving shear stress on failure plane

V j
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APPENDIX A

SUBSURFACE EXPLORATION PROGRAM

A.1 Purpose and Scope

The purpose of the exploration program was to characterize
and obtain undisturbed samples of the sections cf the da.I which
did not fail in 1971. Sampling was concentrated in the intact
hydraulic fill shell on the downstream side of the dam.

The exploration program consisted of the following:

a. Six standard penetration test (SPT) borings performed
by the Corps of Engineers Waterways Experiment
Station (WES) between September 9 and 24, 1985.

b. Twelve cone penetration test soundings (CPT) per-
formed by the Earth Technology Corporation (ERTEC) on
September 18 and 19, 1985.

c. Six undisturbed sampie borings performed by WES
between September 25 and October 12, 1985.

d. Two groundwater -bservation wells installed by WES
on September 25 and October 4, 1985.

e. One deep exploration shaft advanced by Zamborelli
Drilling to obtain undisturbed samples, perform in situ
density tests, and map sidewalls of the excavation.

An engineer from GEI was at the site during the investi-
qgation to coordinate and observe borings and soundings. Two
engineers from GEI performed all geotechnical work in the
exploration shaft.

~h locations of 1l borings, soundings observation

wells, and exploration shaft are shown iLn Fig. 5 'I _he main
text. Their stations and elevations are presented in
Table Al. Explorations were performed at 12 locations,
Nos. 101 to 112, shown in Fig. 5. E2rinqs and soundings are
referenced to their location number. A description ot the
exploration shaft is presented in Appendix B.

The main purpose of the SPT borings and CPT soundings was
to identify the various layers comprising the dam. The SPT
and CPT data was used to identify locations and depths for
undisturbed sampling from borings and exploration shaft.



A.2 Split-Spoon Sample (SPT) Borings

Th, SPT borings were performed to: 1) recover split-
spoo,, ,amples to classify soils comprising the dam and foun-
da- in and 2) obtain standard penetration resistance values
(N-values) of the various layers encountered. Six SPT borings
(S101 through S105 and S111) were performed at the dam site.
Detailed logs of these borings prepared by GEl are included at
the end of this appendix.

Split-spoon samples were obtained every 5 feet in
Boring S104. Intense stratification was observed in the
split-spoon samples of the hydraulic fill in Boring S104, and
it became evident that continuous sampling of the hydraulic
fill in future borings would be necessary to define zonation
within the hydraulic fill. Therefore, split-spoon samples in
the remaining five SPT borings were obtained every 5 feet in
the upper compacted fill, continuously in the hydraulic fill,
and either continuously or at 5-foot intervals in the fuun-
dation soils. Each boring was advanced at least 5 feet into
foundation material.

The SPT borings were drilled with a Failing 1500 truck-
mounted drill rig using standard rotary wash boring tech-
niques. Each borehole was advanced without casing, using
N-rods and a 4-inch fishtail bit with deflectors which
discharged the drilling mud upward. A bentonite drilling mud,
maintained at the top of the borehole during the sampling and
drilling operation, was used to stabilize the borehole.
Split-spoon samples were taken using a 1-3/8-inch-l.D.
sampling shoe attached to a 11/2-inch-l.D. by 2.0-inch-O.D.
split-barrel sampler. The split barrel had room for liners,
but liners were not used. A 140-lb automatic trip hammer
designed for a 30-inch free fall was used to drive the split-
spoon sampler. The standard penetration test N-value used was
taken from the second and third 6-inch interval of a 24-inch
drive. The rate at which the blowcounts were delivered was
approximately 30 to 40 blows per minute.

Stress wave energy measurements of the 140-lb trip hammer
system were made by the U.S. Bureau of Reclamation (Farrar,
1986)1. The energy ratio of the hammer was found to be 72%.

1 List of References is presented at the end of the main text.



A.3 Cone Penetration Test (CPT) Soundings

Twelve CPT soundings (C101 to C112) were performed at the
locations shown in Fig. 5. CPT sounding procedures and
results are presented by the Earth Technology Corporation
(1985).

The CPT soundings were conducted in general accordance with
ASTM Specification D3441-79 using an electronic cone penetrom-
eter. The cone tip and friction sleeve had outside diameters
of 4.37 cm and a cross-sectional area of 15 sq cm.

A.4 Undisturbed fample Borings

Un('isturbed sample borings were performed to obtain
undisturbed samples suitable for laboratory triaxial testing
and void ratio measurements. Six undisturbed sample borinps
were performed at the site. Five undisturbed sample borings
(U102 through Ul05 and UI I) were located 5 feet east _f the
SPT borings with the same location numbers. One toring,
Ul1 A, was located 5 feet south of Boring S111. Logs of each
of the undisturbed borings are presented at the cnd of this
appendix.

Eighty fixed-piston tube samples were obtained in the six
undisturbed sample borings. Data for each undisturbed fixed-
piston sample is presented in Table A2.

The tube sample borings were advanced using the same
equipment and drilling techniques as described in Section A.2.
Each tube sample was obtained using a Hvorslev-type stationary
fixed-piston sampler. Sampling tubes were 3.0-inch-O.D.,
36-inch-long thin-walled galvanized coated steel tubes with a
wall thickness of 1/16 inch. The cutting edge of each tube
was machined and the clearance ratio, CR, of each tube was
measured. Clearance ratio is defined and the values for each
tube are presented *n Table A.2. Clearance ratios of tubes
ranged from 0.08 to 1.28% and averaged 0.6%.

The tube sampling procedure consisted of lowering the
sampler to the bottom of the borehole with the actuating rods
(attached to the fixed piston) inside the drill rods. The
actuating rods were fixed to an independent frame that was set
up over the borehole. The frame was supported on steel rods
driven 2 feet into the ground. The sampler was pushed
hydraulically in a smooth continuous motion until a pressure
of 550 psi or 24 inches of penetration was reached. The
penetration and any movements of the actuating rods and frame
were carefully measured before and after each push. The tube
was withdrawn from the bottom ,-f the borehole in a smooth
cons tnt motion using hvdraulic pressure to pull the -ube it I



rate of 1 incl, per second or less for the first 2 feet. After
the sampler was pulled free from the bottom of the borehole,
withdrawal continued :o the ground surface at a slow uniform
rate no' greater than 1 foot per secona.

Special care was taken to avoid jarring or disturbing
the tube samples during sampiinp, storage, and -ransportati(_).
Each tube was held in a vertical position at all times from
sampling in the field to arrival at GEI's laboratcrv in
Winchester, Massachuseuts. Precise measurements were made of
sample penetrat'on, sample recovery length, and any change in
sample length during storage and transportation. Soil volume
changes which occurred during the sampling operation,
expressea as AV!V, are summarized in Table A2. A large number
of samples had very little - lume change during samplin.g. No
changes in sample length were recorded after storage -ind
transportation to GEI's laboratory.

All undisturbed tube samples ..kre brought to Futura
Engineering Laboratories Inc., Santa Fee Springs, California
for x-raving. A GET engineer was present during x-raving to
assist in handling the tubes.

A.5 Groundwater Observation Wells

Groundwater observation wells were installed at
Locations 104 ano III shown in Pig. 5. Groundwater obser-
vation well reports are presentea at the end of this appendix.
The following stabilized groundwater levels were recorded in
each well:

Well No. Date Groundwater
Eleva t ion,
NGVD, ft

CW104 10/17/85 1016.4

OWil1 10/17/85 1011.3

Groundwater elevaLion in the exploraticn shaft, located
14 feet from OWl11, was 1012.4 in December 1985.

_,7



TABLE Al - SUMMARY OF BORING AND EXPLORATION SHAFT
LOCATIONS AND ELEVATIONS
Lower San Fernando Dam - California

Number(I) Station Offset from Dam Ground

Centerline, ft Elevation
(NGVD)

Clol 16+45 68.8 S 1115.5
C102 16+50 54.0 N t114.6
C103 9+40 132.0 S 1093.9
C104 9+40 73.1 S 1114.5
C105 9+40 23.4 S 1114.1
C106 5+90 73.1 S 1114.8
C107 16+45 23.4 S 1115.2
C108 12+85 132.0 S 1094.4
C109 12+85 73.1 S 1114.9
Clio 12+85 23.4 S 1114.3
Clll 5+90 132.0 S 1095.1
C112 5+90 23.4 S 1114.4

Sl 16+40 68.8 S 1115.5
S102 16+40 54.0 N 1114.6
S103 9+35 132.0 S 1093.9
S104 9+35 73.1 S 1114.5
S105 9+35 23.4 S 1114.1
5111 5+85 132.0 S 1095.1

0W104 9+55 73.1 S 1114.5
OW1il 5+95 132.0 S 1095.1

U102 16+35 54.0 N 1114.6
U103 9+30 132.0 S 1093.9
U104 9+30 73.1 S 1114.5
U105 9+30 23.4 S 1114.1
Ulli 5+80 132.0 S 1095.1
U111A 5+85 137.0 S 1095.1

ESlll 5+85 120.0 S 1097.5

Note:

(1) C - Cone penetration test sounding
S - Split-spoon sample boring

OW - Observation well
U - Undisturbed sample boring

ES - Exploration shaft

Project 85669

Geotechnical Engineers Inc. Septcmber 2, 1987



TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA

Lower San Fernando Dam - California

Page I of 3

Boring Sample Elevation(1) Clearance(2) Penetration Gross CV/V (3 )

No. No. Top of Sample Ratio of Sampler Recovery During

CR P R Sampling

ft %_ _ cm cm %

U102 UF-1 1054.6 0.549 61.5 61.2 0.60

UF-2 1052.6 0.509 61.0 60.6 0.36

UF-3 1050.6 0.169 60.3 59.5 -1.00

UF-4 1048.6 0.568 61.1 60.6 0.31

UF-5 1046.6 0.494 60.3 59.9 0.32

U103 UF-I 1017.9 0.568 44.7 35.2 -20.36

UF-2 1015.9 1.219 36.9 36.1 0.23

UF-3 1013.9 0.925 59.6 58.4 -0.11

UF-4 1011.9 0.941 60.1 59.5 0.87

UF-5 1009.9 1.004 60.8 60.2 1.01

U104 UF-1 1046.8 0.596 61.3 60.7 0.20

UF-2 1044.4 0.930 60.7 60.1 0.36

UF-3 1042.5 0.642 60.7 59.6 -0.55

UF-4 1040.5 0.665 61.0 60.0 -0.33

UF-5 1033.5 0.766 60.2 57.4 -3.18

UF-6 1031.5 0.797 60.2 58.7 -0.93

UF-7 1024.5 0.660 55.8 53.4 -3.13

UF-8 1022.5 0.582 59.8 58.8 -0.53

UF-9 1020.5 0.741 55.8 55.7 1.31

UF-10 1009.5 0.527 59.8 59.6 0.71

UF-I 1007.5 0.288 43.4 41.2 -4.74

UF-12 1005.5 0.247 24.6 23.9 -2.42

UF-13 1003.5 0.743 57.6 56.0 -1.33

UF-14 1001.5 0.623 60.5 60.1 0.58

U105 UF-I 1064.4 0.187 61.7 60.8 -1.09

UF-2 1062.1 0.270 60.6 59.9 -0.62

UF-3 1051.1 0.700 60.5 59.7 0.06

UF-4 1049.1 0.656 61.2 60.5 0.16

UF-5 1047.1 0.522 60.6 59.9 -0.12

UF-6 1045.1 0.288 61.3 60.4 -0.90

UF-7 1038.1 0.224 62.4 62.1 -0.03

UF-8 1C36.1 0.564 60.8 59.9 -0.37

UF-9 1027.1 0.594 59.6 58.4 -0.85

Notes: See page 3

Project 85669

Geotechnical Engineers Inc. September 2, 1987



TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA

Lower San Fernando Dam - California

Page 2 uf 3

Boring Sample Elevation(1) Clearance(2) Penetration Gross nV/V (3 )

No. No. Top of Sample Ratio of Sampler Recovery During

CR P R Sampling

ft % cm cm %

U105 UF-10 1025.1 1.054 62.1 60.8 -0.02

UF-li 1022.1 0.196 59.6 59.0 -0.62

UF-12 1020.1 0.439 61.0 59.8 -1.10
UF-13 1018.1 0.564 60.9 59.8 -0.70

UF-14 1016.1 0.169 60.4 59.7 -0.82

UllI UF-1 1071.1 0.425 60.8 53.3 -11.59

UF-2 1069.1 0.330 61.4 52.0 -14.75
UF-3 1047.1 0.320 63.1 63.3 0.96
UF-4 1045.1 0.459 61.6 60.1 -1.54

UF-5 1043.1 0.215 60.6 59.8 -0.90
UF-6 1041.1 0.215 53.4 50.3 -5.40
UF-7 1039.1 0.219 34.4 32.5 -5.11

UF-8 1037.1 0.329 35.5 35.2 -0.19
UF-9 1035.1 0.229 60.6 59.2 -1.86

UF-10 1033.1 0.293 53.3 51.2 -3.38
UF-11 1031.1 0.311 50.2 48.9 -1.98
UF-12 1029.1 0.215 56.4 54.2 -3.49
UF-13 1027.1 0.499 42.3 41.3 -1.39

UF-14 1025.1 0.518 14.0 13.6 -1.85
UF-15 1024.1 0.462 52.4 51.8 -0.13
UF-16 1022.1 1.286 60.5 59.8 1.40
UF-17 1020.1 0.082 51.0 50.0 -1.80

UF-18 1018.1 0.408 60.6 60.1 -0.01
UF-19 1016.1 1.183 61.3 60.3 0.71

UF-20 1014.1 0.160 61.4 60.6 -0.99

UF-21 1012.1 0.717 60.5 59.2 -0.74
UF-22 1010.1 0.504 61.7 61.0 -0.14

UF-23 1008.1 0.462 53.5 53.0 -0.02

UIIIA UF-1 1047.1 0.490 60.8 61.1 1.48
UF-2 1045.1 0.444 59.8 55.9 -5.69
UF-3 1043.1 0.431 59.7 59.0 -0.32
UF-4 1041.1 0.541 60.2 57.3 -3.78

UF-5 1039.1 0.536 54.5 53.7 -0.41

Notes: See page 3

Project 85669

Geotechnical Engineers Inc. September 2, 1987



TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA

Lower San Fernando Dam - California

Page 3 of 3

Boring Sample Elevation(l) Clearance(2) Penetration Gross nV/V(3 )

No. No. Top of Sample Ratio of Sampler Recovery During
CR P R Sampling

ft %_ cm cm %

U1i1A UF-6 1037.1 0.508 58.9 57.9 -0.70

UF-7 1035.1 0.568 59.1 57.7 -1.26
UF-8 1033.1 0.559 40.0 38.5 -2 67
UF-9 1031.1 0.828 48.1 47.2 -0.24

UF-10 1029.1 0.855 59.6 58.5 -0.16

UF-1I 1027.1 1.145 27.2 27.2 2.30
UF-12 1025.1 1.116 24.7 24.1 -0.24

UF-13 1024.1 0.800 49.2 48.6 0.37
UF-14 1022.1 0.91 60.0 59.2 0.47
UF-15 1020.1 0.550 56.1 53.3 -2.86

UF-16 1018.1 1.186 60.2 59.7 1.54

UF-17 1016.1 0.916 60.1 58.9 -0.19
UF-18 1014.1 1.005 60.4 59.5 0.50
UF-19 1012.1 0.824 60.6 59.5 -0.19
UF-20 1010.1 0.620 59.3 58.4 -0.29
UF-21 1008.1 0.710 61.1 60.6 0.60

Notes:

(1) Elevation Datum is NGVD.

(2) Clearance Ratio (CR) is defined as:

ID-CE
CR = - x 100%

CE

Where: ID = inside diameter of sampling tube

CE = diameter of cutting edge of sampling tube

(3) Change in volume during sampling (AV/V) is computed as:

AV/V = + x -- - x 100 (in percent)
100) P

Where: CR = clearance ratio of sample tube, defined above.
R = gross recovery

P = penetration length

Positive values indicate sample expansion; negative values

indicate sample compression.

Project 85669
Geotechnical Engineers Inc. September 2, 1987



BORING LOCATION $t- 1640 M-AR GROUND ELEFVATION INGVM.. l i1 (' DATE START/FNISII 4q1I)S nS SI 01
INCILWATION v.,tntI BEAFONG - TOTAL) DEPTH4 (FT) $5.5 DRILLED BY F )t-ftr IWtS/Co!

CASING 10 No u~r CORE SIZE.M GROUNDWATER EL-. "" DATE .. LOGGED BY I. Pe. 1~"v ATE"" 
1  

PGIOF 7
EL DEPT14 SAMPLE I KEMARIKS SI N OKDSRPIN

*64PERw ~j~SI N OKDSRPIN

FT T N W 4 IN. IW N___

s2 tandard SI -SILTY SAND. widely traded coarse to fine mend. '251 n-PIAsttc1 1 1624 oter fines. %15% gravel up to I". browri ISM)
SI 1 24 9 .sh b-riC

12ti

dfillg

2 Ci ....

bit iti.

3 I*ltis.

4

6 2 14 24 16 S1 C KAVELLY SAND. widely araded coarse to fine sand. '25% Ara...i Up EO
14 1". %151 nonplastic fines. gray and brown (SW)

10

6
11 S3 10 24 21 S3 -SILTY SAND, widely Itraded cnarse to fine xand. %15L no.nviautiC

14 fines. %101 itiav~i up to 12". br.-n and itrMY (bM)
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I OK. $POOR0D.O ).s/mfttoo .ed in borhol 0o ptodote [,Mi.I hAN ILKNANUU DAM

", rufi SAPL iflSccuraitc readings.
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Gp~oufA5A(p (t' ow1e..s.oaC RL 10,lot
'4' "* eoac,85bb9



BORING LOCATION St. 16-0 6.8l'5GROUND EEATION (NGVDI :115.5 ft DATE START/FNISH .J~5 S 101
INCLINATION ArticaL BEARING I A TOTAL DEPTH (FT) 5,5 DRILLED BY F , t I , SICOF

CASING 10 sot used CORE SIZE NA GROUNDWATER EL. ______ OATE - LOGGED BY F.R. rerk ins DATE _______U/8 PG 2OF 7
EL DEPTH SAMPLE 1R0EMARKS

TYPE BLOWS PEN REC I SOIL AND ROCK DESCRIPTIONS
and PLR

FT FT NO, 6 IN1 IN IN

15

68I
16 S4 8 24 3 S4 -SAN~DY CLAY. si. plastic fines. s2O% fine sand, brown (CLI

8 Samapie contained a I" piece of ERavet Jammed Ln shot.

17

18

19

2u

21 SS5 2 4 14 S5- SANDY CLAY, 81. to mod. piearic fines, %15% fine sand. broner (CL) _
7 Occ. pockets of verY dry gray clayey sand.

22

23

24.

-4

S6c~ 21. 5

9--svrM -c.4 2a- OTE

-I e!CoW r w4i- Of UNPU
-00 (- ca ",. C"4I~~f CO-10 % ne page -F -EV A A

-~I.-v kcs~

1OST5IM A at,
4.-r0ka..suust c flA



BORING LOCATION St. 16.40. 68-',GROuNDoELEVA. O,NGVD) _5.5. DATE START/FNIS , .' SIO!
IaJPNATION Verttcal BEARING NA TOTA. OEP (FT.) A 5.5 DRILLED BY r St.-,, T.SICOE

CASING ID Not -ed CORE SIZE NA GROUNDWATER EL. R.. ) DATE - LOGGED BY 'P. rt... - DATLL-25 PG. 3 OF 7
E L D E P TH S A M P L E R 1MA R K S I

TYPE LOWSIPEN IRIC SOIL AND ROCK DESCRIPTIONS
and PER II

S6 19 2S 56 - See previous page.

20

27

28

29

30

10
31 S7 12 24 15 S7 - SAND, narrowly graoed mea, to fine sand. moscy med.. 3t coars!

i4 sand. 8 nonp.asctic fines. light brow~n (SP)
20

32

S33_

35

9
36 S8 15 24 17 - SAND, narrowly taded mea. to fine sano. mostly :tne. '1t non-

16 plasic ftnes. ight brown (SP-SM) Sample concaiLneo to ctotn Sandy
17 silt lenses,

37

...II... ... ... ,... o 1 . . 0. . NOTES __

"8 _ __ _ _ _A,__,_.



BORING LOCATION s- ifi.0 68N s GROUND ELEVATON (NGVOL 1.5..iti.~... DATE START/FINISH L19185 /i" '1 S 101
INCLINATION Vertical BEARING NA TOTAL DEPTH (FT) d'-5- DRiU.ED BY- F. Stevari tN/CQ

CASING 10.. -..i tCORE SIZE, vA GROUNDWATER EL ' !, -DATE - LOGGEf) BY '.R. Ptrt- DATE q/ 9-2018Hj PG 4 OF 7

EL DEPTH lSAMPLE R EMARKS

PJI 8L* ENREC SOIL AND ROCK DESCRIPTIONS

F T T N O 6 El IN IN _ _ _ _

40

1 2
S9 17 24 19 S9 SAND, narrowly graded fine Rand, '701 nonplastic fines.

41 1915% med. sand. brown (SP-SI) Samsple contained tlsree thin
22 lenses of sandy silt.

42

43

44

AS Approximlate [nterface - Rolled Fill

Hydrauiic Fill4

-6 s1o 15 24 20SID SAND. narrowly graded Ise,. to fine sand. '(01 nonpiasc

46 2 fines, brownl (SP-SMll Saaple contained three I. to

12 2-thick layers of stratified sandy Ciay to sandy silt.

A7

511I-Top 3" SA:.D. . delY graded coarse to fine sand. 0%S fine gravel,

4 51 41 51 nonl-ias tic fines,.browniSW)

20 Next .~ SANDY SILT, non to s.patcfns 41fn ad

"ttii"d dark olin. brownx IML)
1..t 3": SILTY CLY. m d, plastc fines. (51 fine sand, stratified,

dark ohi e brown (CL)

8ot 8": SAND. n iairowiy graded med. to fine sand. 1(01 coarse sand. -

-49 5% nonpiastic fine,. liiht browyl (SP)

1 -S12-Top 8" SI LTY SAND. narrowly graded fine sand . 115% nonplast ic

s 55 24 19 fines. stratified,(SM) Top Y2 of section was Drown and
SO50 1 bottols '12 was Ray. Th above sections were separated by a

- 14 12-thick iaver of stratified sandy slut.
Next 5': SAND. yarrowi,/ eraded med. to fine sand. <5% nonpiastiC

fines. ight brown (SP)
hot 2" SANDY SILT. si. plastic, stratified (ML)

-51 S 13 -Top 5' SAND. narrowly graded fine sand. '(01 nonpasotic fines.

13 '(01 ade. sand, olive qray (SP-SM)
* 'C~t I SILiS C',.Ay -,' .AIUY nILT. stratified CL-MlL)

513 2 14 Nxt A: SAND, w.oev radencoarse to fine sand.,1 %,onplastic

52 
cntin,.r -one INtipae

10x%*f(%-:Nj .w15 '.-3 00.1W.yao,.oo NOTES
.yseysr..no OR.o~o e C(s t c.(L See Page

*cc -atconre uur OF SAMU PE-EVALLATICN 3F TIJE SL DE IN TH4E

XQD5zi n 1Of "A ams% lO ano LOWER SAN FERNANdO DAM

SALS .atat er 0(5,505
*,,'t esles --, nertA~

sR.O.ArtI5'nOT5RCA.aoaS05a 
3i'10.86

'V ' .. 8 6 69



"ING LOCATION , .-I & A -q GROUND ELEVATON( NOVOLI i DATE START/FINISH ,,,,,l /==- S101

INCUJ ON Vertlnal BEARJNG pA TOTA. DEPTH (FT) 55.5 DRILLED BY F. Stewart, wSICol

CASING ID not used CORE SIZE MA GROUNDWATER EL rl fATIE LOGGED BY j. A Per-i- OATENII
8 

(SIN PG 5 OF 7
EL DEPTH SAMPLE

r  
I RE[MARKS

ryT TYEIBOSPRc SOIL AND ROCK DESCRIPTIONS
onc I pER I I

FT No IN I N IN

51
13

S13 10 24 14 S )3-Boc 3" SILTY SAND, narrowvly graded fine sand, '20% nonplastic
13 fines. stratified. olive gray (SM)
14

53

8
54 S14 13 S14 SAND, narrowly graded fine sand., -10% nonpliastic fines.

12 2101 smd. sand, olive brown (SP-SM) Sample contained A IA.
10 thick layer of stratified silty clay.

55

2 SIS-Top 10": SANDY SILT, sI. plastic fines. '35% fine sand, dark olive
Aray I W.)

156 5 24 16 dot t" vAND, .,deLv graoed coarse O fine sand. '-01 nonpiastic12 fine.. 1. gravel up tO t2". brown SW-SM)

57

S16-Top 2": SAND. widely graded coarse to fine sand. mostly ae.. '51
6 nonplastic finee. brown (SW)

58 S16 1 24 14, Next .": SILTY CLAY to SILTY SAND. Top of section consisted or
6 stratified silty clay with fines content decreasing with
13 depth to a sIlty fine sand containing 25. nonplsetic

fines, dark olive gray (CL-SM)
Zot 8": SAND, narrowly gtiAded ed. to fine sand. mostly sec.. 0%

nonpilastc fines, -10% coarse sand, light gray (SP)

59

10
6 17 , 4 20 S17-Top 3": SILTY SAND, narrowvly graded fine sand. '15% nonplestic

60 10 fines, 0% med. sand, olive Kray tSM)
14 Next 4": SANDY CLAY, i. to rod. plastic fines, '15% fine sand.

stratifleo, dark olive gray CL)
Boat 13": SILTY SAND, narrowly graded fine sand, .81 non to al,

plascic fit.e., der olive (SM)

--61

SI8-Top " SILTY SAND, narrowvl graded flne sand, - 15% nonpiastic
3 fines, dark Olive k,.4)

62 $18 24 19 Next 5": SILTY CLAY. mod, plastic fines, '10% fine sand, stra-I 24 tified, dark olive (CL)

1 0 ) 7 1.6. 1.7, 1,9 tsf
Next 5 ASIA SAND T. al. plastic tines, *-.A fine sand. dark olive

gray (MI.)
Bot 5": SILTY SAND, narrowly graded fine sand. '35% non to Si.

63 plastic fines, '10% aled. sand. dark gray tSM)

S19-Top 12" I.TY SAND, narrowly gradeo fire sand. '20% nonpiaslo
tines. oave -a7 SM: ;anoie ccrltineo lavers ot stra-

S19 8 24 18 ttled sty clay up t 2 thick.
64 NeXt I": AND, narrowly gradeo ned. to frne ano. mostly ned., 15%

12 'onplaotec fines. ignt brown iSP

Bot 5" jLr Y CLAY., 'o. piati-c ti,'. - 1 fine sano. st1-
fitled. Oard olive Oro-n

5Oe 'I'S 5'L -- f sssy 'Lvi30 '0 CAISOs. OC NOTES

Pf o' o$ t(,, 9-F, ~ ,P-.Pn-oStCve IS"Oa.

,0 SIC eQO -=N0g ~OO5't~( a.5C
oe~rnnc.. ao~na~aaott AC



BORING LOCATION s - -S 68-8-S GROUJND ELEVATON (NOVO) -. 5 11. DATE START/FINISH ~'"~S 101
INCUNA1ON -i-l EARNG !..A TOTAL DEPTH (FT) ~ ADRILLED BY 1. 'a'

CASING 10 Not -4e CORE SIZE 4k..GROUNDWATER EL 'R
1  

DATE -...... LOGGED BY O ATE1.LL. _- G 6 OF 7
EL DEPTH I AML REMARKS

[i11s.oIo iI 191 SOIL AND ROCK DESCRIPTIONS
and PERJ

FT FT O 6l'jP.4R.

-S2u SILTY CA, oo. plastic fine:. SIJI fine sana, stra-

66 S20 Z6 19 pocket. and lensea of silty fin* *and.
07tf bto t o

67

21 2S2I-Top ;6": SANDY SLILT, si. plastic fines. '.52 fine sani. ..ve . rcwn
68 '.2: 24ML to2d2~si ies 2~fn ad

iU bot 6" SANDY CLAY, . tomd lstcfns 2%. n ad
stratified. dark. olive oro n tCLI Ccc. Lreguiar
pocKets and lenses of silty fine sand.

69

S22 SANDY SILT. si. plastic (ines. '3()X fine sand. 'ca' Ivd
,2 0a dark olive tML) Occ. irreglar POC~ets and lenses 01

70 13 Sltcy fin* sand.

71

iS23-Top 7: SANDY CL.AY, mod. plastic fines. <5% fine Sand. scractied.
72 T- very dark brow.m :CL)

323 12 24 18 S, - 0.5. 0.69 taf

286Q - 1.0. 1.0 tafI

SD'4 SILTY CL/I'. ion. plastic fine*. 0%~ fine anod. stratified,
$4 0 24 14dark dlive (CL)

74 Qp - 2 1, 2.2. 2.2 tsf

15

62 6 26 2 S25 Sim ilar to S24 (CL)

76 2 - I.S. 2.2, 2.2 taf. botcomu co top

77- 026-Top 6:' SILTY SAND. narrowly traded fine sand. N25% noohostl
fines. okive bro.n'M

N .eat 12" S:1 T C LAY. non' ,a. 'ic tine. 51 five sand. -'ralid
32 1 2 4darknb o, v rown CL,

.~nn~.R0:J-a~'* .G~'OD-4Wa*O 0 NOTES

t65n~5A a A5T 0, SAbLA o CPIR"Ow See P.R. 1.
etc 5(It, KRS T 1500 "eL ;EEVALUA71ON OF - ' SE :1,
000LLIE"r% O lou 00*55 >4-9/IJ.5 cow % .1.ER SAN Ft?',ALh 'Am

vyeu . to la.51MI.
dIACShI5IK 0 a86



BORING LOCATIION u, .A0&AA GROUOND ELEVATION (NO VO) .LLL I DATE START/FINISM 9191 2 S 10
INC INATION A BEARING -u_ TOTAL. DEPT (FT) ,. - DRILLED BY _ _ ________rn _

CASING I0 otsdCORE SIZE MA GROUNDWATER EL. DATE .. _ LOGGED BY__L L ILZ...._DATE q.,.j.2nim PG 7 OF 7

EL DEPTm SAldPE I RMANKS

TYPE IBLOWS I I AEC SOIL AND ROCK OESCIPTIONS
Qm d PC 't I"I

FT T I NO I"N ININ

78

9 Approximace Incerfact - HvdrauLC FILl
326 i0 24 24 ,

ii

S26-Bot 6": SILTY SAND, narrowly ptraded fine %&nD, S 0% nonplascLc
-79 fines. "oz md. sand, blcaiCXl oiiv'e k5M)

527 .5 13 13
0 S27-Top 12.: SILTY SAND. narrowly graea fine sand, '25% nonplatic

ftnes. 510% mod. sand, black (SM)

80 c V " raval

81

5$28 3 3 3 SI8 iAND. narrowly Rraded fine *&nd. 5% nonp 4aitiC fines,
yello-br'own and tray kSP)

82

43

84

8 129 60 6 6

Bottom ot Borehole - 85.5 It

86

87

89

90

VLT. faM'6 -j-W.". .i ,c 'nl. i Z NOTES

~~~~~o 9..S.'at 1..,OfO S-0I' ~ e 1 C-113 ) 4 reI UWQt C 011(D 0af'.p SAN FFLNANZ0 2A."

A '3 e lN 'ACt 'z [ 15-

6 O5'!-Tn-aE



BORING LOCATION ........- QGR(NO EL-EVAfONINGVDI h DATE START/FINISH 3-02
NCUNATON . BERING TOTAL. DEPTH (FT) _RILLED BY ___ '.,__.____._.. ____-

CASING I CORE SIZE GROUNWATER EL ATE- LDGGED BY -E P OF

L OPTM S APLEf R E M A R K t

, - SOIL AND ROCK O $ESCIPPTIONS

I PNO 6,14 I I

2 -

-sw ~ .A,.d -C ie -21. 7 tt<. >
', .S floflp i.Lcg SAN e, - ' Sa . . OtOS -a. 'A,

Sl 2 ) rotry q np li[ c r~e ";] K~~l' Jp [O ; ' b'O~l :,-1

$-- - - -2 -T ,:, . . v oCC - '4rs V~ C;' -a'! = t.¢ -1.,

......................

-i

____ ____ ____ _ 0. .... .... ..-

-, 01~t1 ~



BORING LOCATION At,1640- 540'm GROUNO ELEVATiON(NGVOL -.... GATE ...... cN)S 911tse~ e: S102
ltqC1kAIOyL.....z ARINO q TOA DEPTH (F*T) 60 DRIL IfE BY 5 L,**rt -EIIS.2l...
CA.SING 10 No qs CORE SIZE NA .GROUNDWATER EL NR: DArE ____ LOGGED BY CATE JPG 2 OF 8

EL DEPTH SAMPLE IREMARKS

TYPE siDWS PEN 1E $OIL AND ROCK OESCRIPTI0P4S

FT FT NCQ IN IN 1,d 1E 1m v _

74

CS. - XAVELLY SAND. wideiy rajeo coas to AY4v sand, iOZ at 4 ,L p to
26 S 4 3/4- '10 nonpjascic OLeR. Rr.' Ana brown Sw-swm to Of

16 .@"pit contatneo 2' of freenip bronen grav@L.

17

lb

19

20

21. S5 2724 5 S5 RAvELLY SAND. wid~ly graded coarse to tine sand. ' ICI grve up to
21 ss 2 2 3/8". %10% rnorpisci fine@, brown and tray (S'-SM)

42

22

234

24

soci lf-6 .o0 T nonoA.Q.o NOTES
I-! S ' Und'L -A.

-- S'~ SC ~sLA S CS~ AA*(SI * J



BORING LOCATION 11 6-10- 51i' GROULNO ELEVATION (NGVDL- . DATE START/IiNISRI I' I IM S1I0 2
INCUNATION Vertca. BEAJN0 NA TOTAL DEPTH (F') 1,.0 DRILLED BY r. Ste*er. -SICOE

CASING 10 "t uoed CORE SJZE NA GROUNDWATER EL II. DATE __- LOGGED BY ' P-n, DATE L PG 3 OF

EL DEPTH SAMPLE i REMARKS

TYPE PEN SOIL ANo cOCK oESCRIPTIONS

FT rT P4 i0 ,  I'N IN

S6 24 9 S6 -See previous page.
121

- 27 
2

28

29

30

3* S7 3 2. S7 - SILTY SAND. n~rroW.v Rrlded fine sand. %20% nonpiastic fines. N10120 ed. co co4rse sand, brnvn (SM) Sample concaineo one pi"ece of
22 rave.

32

33

35

3b 58 2. 15 S8 - .AVELI-Y SAND. zeLo araded cOnrg-e co fLnUe end. S1 I RraVt. Jp to
25 "7". %1i nonpeatic fines. gray Ano brown Si-SM I

fl..'f'4 i-~-*' ~ ~CA~*~a~NOTES

It a-91. Q,

5- 5

A-



WRING LOCA1Vsi iAi.d 34111 GROUNDELEVATON(NGVDI .6 DATE sTArT/nNIS/ S102
INCLISATO Vertlcol BEARJNG HA TOTAL OEPTf IPT) DRILLED BY F. St..", .IslCot

CASING i NoS V..CORE SIZE NA GROUNDWATER EL. D____. _ DATE...._ LOGGED BY.J.P. P--- DATEe"k-; - PG 
4  

OF 8

EL DEPTH SAMPLE I REMARKS

PE SLOWNS PENIREC ISOIL AND ROCK DESCRIPTIONS
anda PEtRFT FT NO. IN IN INITNI

40 L Approximate Interface - Rolled till

Hydraul ic fill
S9-Top 5": SILTY SAND, narrowly Rraded fine sand. %20% nonpkantic

fines, olive brown ISM) Gradual transition to next
2 "y"'
51 9 5 Next 8": SANDY SILT. @.. plastic fines. '.,5% fine sand. olive
S 24 19 brown (ML)

6 a0t 6': SILTY CLAY. mod. plastic fine., I0% fine send, scra-
ti-fed. dark olive (CL)

S 0.66 tf
42 - 1.2 tat

S)0-Top ." SILTY CLAY. mod. plaetic fine,. %)0% fine sand. ,tra-

4 Sled, orive brown (CL)
3 SlO 24 19 Next I SAND. -ide.y Kraded coarse to fine send. (5% nonpLaatic12.4 

fine,. arown (SW)14 3oC 1: SANDY CLAY. al. plaetic fines. -51 tI.. san., %occled
black, brown and olive (CL) Portione or sampL* were dry
and randomly mixed by color and clay content.

44

Sit-Top 6": SANDY CLAY, l. plastic tints. %I35 fine land. motled
8 black. olive end brown (CL) Portions ot sample were dry

45 SI, 6 24 19 and randomly mixed ,y color end clay content.10 Next 5': SILTY CLAY. mod. plstic fine., -10% very tine sand,
11 scatifled. olive brovn (CL)

Sv - 0.46 cef

got '" Similar co top 6" (CL)

46

5

S 9 22 $12 SANDY CLAY, 91. plastic fines, %201 fine sand. mottled
47 512 4rown end olive (CL) Sample was randoiy mixed b -

13 color and clay content. Sample contained pocKets of dry

clay.

6
11 513 SANDY CLAY, al. plastic fine.. " 0% fine *and, moccled49 S 24 19 hlack. brown end olive (CL) Sample wai re-do.ld mixeo by

?3 color and clay content. Sample contained pocxete ,0 dry

50

,-Top " LTY SAND. .rro.iy qAd., fone sano. .2'% noplastic

;eR, ,.,r (t]live b rown -M, r ,.y

51 14 2 4 21 C t 6I toicl.

7 Next I L T) <AS -,a.p-tic ce n -

,',ted. Ie brown ..L, ,Q. te a K er -- e or ,it,

rio.D Ia.,

2 * oCOWS S o

.10a 0ncmac 0 11:0 55.

7 , -,"rno . e . 1( CDn
doi'tl

C' elafxl lclllllll .IItlllnolllle II /I I I



BORING LOCATION S- 16-0. 5 0 N GROUND ELEVATIONINGVOI DA'.- DATE START ..FNISH M /-- /'' SI02

INCINATION V- ., BEARING 'A TOTAL DEPTH (Fr) -.0 DRILLED BY ,___._ _ _ _ _ _

CASING 10 " i r.d CORE SIZE A_... GROUNDWATER EL ''N E DATE - LOGGED BY . DAT' _ PG 5 OF 8
EL DEPTH SAMPLE I REMARKS1 J. TP 

SOIL AND ROCK DESCRIPTIONS

Jand IPER I
fT FT NO 1 N IN

SIS-Top 5": SANDY CLAY. mod. plastic fines 'ZCZ fine sand. icra-
rifled, olive brown (,L) Ucc. lenses or silty fine
b and.

Next N": SILTY SAND, narrowly artced fine san. %30% nonpiascic

53 S 4 24 24 tnes. stratified, dark olive brown (OM)

8 Next 1": SILTY CLAY. mod. plastic fines. '1a% fire s'a, %tra-

8 rifled, olive brown tCL) Section contailned a t -hlcK

layer of silty fine sand at midlie.

Bat 2": SILTY SAND, narrowly graded fine sand, %30% nonpLasiC

fines. dark olive broans (IS)

54

S76-Top '" SANDY CLAY, Mod. plaCstc lrIe.. S% very !.-e land,

qcraifLed. o'ive brown ,CL) Section contained one

Sb16 5 24 24 oc'e ot sity Lne sand.

0 Sext 5' SILIIY SAND. narrowly graded fine sndA '.3 norpiAstic
f Ines. tractied, o~lve brown M)

Bat 3" SANDY CLAY. nonplasctc fines, '20t very fire sand, stra-
rifled, olive brown (CL)

56

Si-Top 10 J " ANDY CLAY. 0. o o. , LastIc .ine . "2 .. v fine
] ;and, stratifieo. ,ive rrown ,L 0Cc. Lavers oi silcy

S17 24 24. fine sand up to !'" tznc-.

57 io Next I" 7 S:LTY SAND. narrowly graded fine sand., '25 nonpLastc

14 fines. blacKish gray tSM)

Bot 3" SILTY CLAY. moo. piascic fines, -10% very fine sand,

stratified. blackien gray (CL)

58

SI Top '" SILTY SAND, narrowiy graded fine sand. '20% nonplastic

S 1 8 . 2 0 N xi n e , A r o m e o n 1 I M

59 i0 Nest 3"o SILTY CLAY. nod. olascic h ,nes, '5% very fine sand.

13 stratified. darK oLIVe brown (CL)
Bot 3" SAND, narrowly r rded fine sand. '10% nonplasctc fines,

olive brown (SP-SM)

60

S19-Top ." SANl ' SILT. %i. piastic fines. '% fine sand, dark

62 s9 '3 Z 1 Next L CLAY, od. ast- ;Lne. -;J OX e land. scr-

'2 zifieI. dark o,:ve Orown CL)

Bot 13": SAND. narrowly kraoed tea. t. :ne sara. 'A nonpaSiC

fines, brown kS)

62

520-Top >' Auiislr Co orto, 3 , f S! 9 S

63 S20 - !ext " .I .ATIF D SILTY >5AY ICC

Bot 2 S:LTY SAND, narrowy graced frne % 5% nonpYastic

fines, 10% meo, sand. o.ive ;rsn

6. S, LTY SAND. -a,, 7- g.7 ::-e Z'.-c
f:neS.Uar tn',,. av CAY'- e "c::ryee

S 2 > . - hi C K a - e r i r s : - e Ie . eI. Vei t

sCated a: caere-. Ad',. V ,

IS
- ~ ~ ~ 1 -( 1.(r 5 .

.2~~ 07(M4 Ns

*~~~~-C [-t4 ' *cac



BORING LOCATION 5t, 16,40 S'.0N GROUND ELEVATONtNGVDI 111,.6 DATE START/FINISH __"_" ! S I 2
NCLNATI4. BEARING sA TOTAL DEPTH (FT) 0 DRILLED BY ... ri. /'A

CASING 10 kot ustd CORE SIZE -^ GROUNDWATER EL "' ATE. LOGGED BY "_ATE I'" PG 6 OF 8
EL DEPTH SAMPLE REMARKS

TYPE BLOWS1 PENIRCC SOIL AND ROCK DESCRIPTIONS
aid IPER

FT FT NO 6 IN IN

Sb5
3

S21 3 24 24 S21 See previous page.
8

66

SZ2 5 24 21 S22-Top I4" SILTY SAND, narrowlv graded fine sand, %50% nonpicacc
67 5 fnes. dark olive Kray (SM-ML)

7 sot " ,ANDY CLAY. sl. piastic fines, 4u% fine sand. scrAtLfied,
dark olive gray (CL)

68

3 S23-Top 8" SANDY SILT, si. plastic fines, '.35 fine sand. scratr.ed.
S23 6 24 24 darn olive ray lO l

69 7So 6": SILTY CLAY . plastic fines. ';3% fine sand. sat-11 11fied. dark olive stay (CL) occ. irreuiiar pockets and
lenses or iltv tine sand.

S . );.0 tsi

Qp " 1.. 7.8. 2.0 tof

70

5 S24-Top . SANDY CLAY, al. plastic fines, -0% fine sand, dark olive
S24 6 24 24 glay (CL)

71 9 3ot 20m SILTY SAND. narrowlv graded fine sand, %20% nonplastic
9 fines, dark oily gray (SM)

72

S25-Top '." Sinilar to top 4" of S24 (CL)

dor 20" 3TLTY CLAY, nod. plastic fines, 1I0% fine --no. scra-73 S25 24 2. Zlfied, very dark olive 'tL) .cc. irreguLar poCkes and
lenses of silty fine sand.

S - >1 .0 taf
Qp - 1.5. 1.7. 1.5 tf

74

2 S26 SILTY CLAY. soO. plaici fines. %i5% very fine sand, stra-5 S26 24 2'.fifed, vety dark olive CL)

8 S, - 3.76, 0.86, 0. 0 tat
.p - 1.2. 1.2. 1.3 eaf

"(3R

S27 SANDY CLAY, i. t m-a . laicL, fine#. %1 fire aand,

s2~ ~~ 7 7-* 21 A. -i ' i

-4.~v . .)g .. 1 .. '0tT'0X OE

.... ................. . ..fl ~ I ? . .: CCI 54 r''.'''''.. A"

S0"k 5.1?.1,51

.3 S'1U55 ~ a( - n .f 'vs

* -A t



BORING LOCATION S,. 16.40 540 2 GROUNO ELEVAONNGVDI 114.6 DATE START/FINISH 9(" / ,,' [ S102
INCINATION tl,.BEARING %A TOTAL DEPTH (FT) 96,0 DRILLED BY r ts.ri -rS/COE

CASING 10 ot U Isd CORE SIZE NA GROUNWATER EL. NI DATE - LOGGED By . DA E 'O 7 oF 8
EL DEPTH SAMPLE REMARKS

iTPE iLo~WIr P cE SOIL AND ROCX DESCRIPTIONS
and |PER I

FT F No,,,. 6 IN 1IN

78

WOR S28 SILTY CLAY, mod. plastic fines. 1101 fine sand. stra-
tifted, dark olive brown (CL)

S28 1_ 24 24 S v  0.81, 0.85, 0.93 csr. top to bottom
79 Qp - 1.5, 1.3. 1.3 tot. top to bottom

6
7

10

80

WOR

I 529 SILTY CLAY. mod. plastic tines, 10%l very tine sand, stra-
S29 T,- 24 24 titied. oarK olive brown ,CL)

81 5 S, - 0.85. 0.93. 0.93 tat
7 Qp - 1.4. 1.4, (.4 Cts

1U

82

.OR

83 S30 24 24 S30 SILTY CLAY, mod. plastic fines. %10% fine &ano, stratifled6 dark olive brown (CL)

S, - 0.92, 0.98. 1.0 tat, top to otto,.
Qp 1 .3, 1.4, 1.5 tet, cop Co bottom

84

WOR

85 6 S31 SANDY CLAY. mod. plastic flnes., %15 very fine @and, stra-
S31 8 24 24 tifLed, darK olive brown (CL)

10

86

S32 SANDY CLA, . . iLastic ftines, .20% very tire sand, cra-
87 S32 9 24 24 ciled. darK olive Drown (CL) Sample contained several

11lense of iilty fine sand, Sample Contained two 2-thick
layers of ilty tine @#no.

88

5 S33-Top 17": SILTY SAND. narrowly KrAded fine %l.nd,%35% non to sl.
6 plastic ines. oark oLive brown ,pM) ,ection contained

89 $33 9 24 24 ieveral stratified ity tkay layers up to ill." tpCni.
9 Bot 7" SILTY CLAY. moo. pLascic fines. '10% fine sand. sra-

tit led, dark olive brown ICL)

90

S3, '- 24 20 S34-Top 8" St.milar t O bottom, ;" f S33 CL)
S.pproximate ir,ert ce - I. ra,,c

'0.5.Ov~'~.10 '0051 ZoC.ocr NOTES

'!4 "Ntfl&"O 140&' Or UNPUPU00 tOA( 4sfi See Page
RF (C0,(5, iINGrn. 0r S-sM.

*Oo e vs OF, tSsO COA ,. CO. rE-EVALAT.C.N S! Z: F HrE
S , S AOO . , ( :4 ,e SA N F R N\C D O D A M

.0' $. t t O'( O

- $ 5(i55 "5 '

'0 Oft5~ a-sam

4-) swr.,asc DAILts , 2.!0186
I
5
OAtt 8Sb69



BORING LOCATION --. ,,l GROUNDELEVATIO4N NGVOL ,. , DATE STA"T"FI'"SH 1 S!02
INCNAION .y-t-l BEARING Na TOTAL DEPTH (FT.) _ el _ DRILLED BY . ,.r

CASING 10 CORE SIZE GROUNDWATER EL. O' OATE... LOGGED BY t P DATE. PG 8 OF 8

EL DEPT S AMPL ItREMARKS

TYPE L70s; PEN R;C 1 SOIL AND ROCK DESCRIPTIONS
0fl4e PERu

TNO IN IN I

SS34-Next 2": SILTY SAND, Ld elv Eraded coarse to fin sand. '201 non-L s 15 24 20 pastc ti ne.. 'lul travel up o 'r, otoe blue SM

16 Sot 10": CKAVELLY SILTY SAND, widely gradeo coarse to tine &and.
%2U% Rravel up Co , 15% nonplastLc tines, brovnLish

92 black (SW-SM)

93

94

95

36
S35 2t. 20 S35 GRAVELLY SAND. 4idely graded coarse to fine sand, '40%

gravel up to I 1/", 1-0% nonplastic fines. broTn (SW->M)
06

Bottom of Borehole - 96.0 ft

97

99

'00

101

102

! 03

tn:.S pf" nI ACWWM 1.L*LaG 0 '00.0 52 On n NOTES
"I" $PQs SOC O- ,

'Bfl44c LCV.?0 0' SAMP115 Q Coft 5*Aftf See pae.V. Coai0-0 c-t%
4%>.:~S- 0 la Oftt >4 'ANn6

3  
F * AM.0 "B %A.o Ctl~. A.tA'D *

.. 3VS(O %af t3
D SS'3( o-n0"o

n *'sos o-O.t.I
2-Qc -5 t9 Cl



BORING LOCATION 9 !' GROUND ELEVATION(NGVD) A 9 DATE START/FNISH 85'"L /L22 -- S103
INCUNATION vertical BEARING NA TOTAL DEPTH (FT) _ _._ 0 DRILLED BY 1. st.wt, .ES/cE

CASING ID "' edCORE SIZE %A GROUNDWATER EL. C__ DATE LOGGED BY ,,R. P-rt-. DATEQi'',,' ' PG i OF 8

EL DEPTH SAMPLE REMARKS

TYPE BLOWS PENREC SOIL AND ROCK DESCRIPTIONS
o.d I PERI I

FT FT NO E6IN IN I IN

-Jo !I

Si 9 S I -Top I": Bitum tinoua Pavement.

11 7 bon SANDY CLAY. @I. p eascic fines, 201 fine Ban , bro- (CL)

12 ntth
bentoant Ce

2 Clesned our
LorehaoI.

",,htetL

',It - h

2
66 S2 10 24 21 S2 Similar to Si (CL)

24 SITOP ,:t~S3-Top .nSmilar o $
SOc 1 AND. narrowly . traded med. 'o fine sana. .: .oarle aand

.0 and ti" Q'v l 1%nnONc P

- *rn,,rw, rtte,.,,' $ArP,

.0 'A(O SA.. .. .
V,-$ED 5-109 t!

5-fc,' ua 1 t, 812 1 !

7~~~~~3 16s.'.(I .~tC



BORING LOCATION S' GROUND ELEVAION (NGVDl... !Q91....L LL DATE START/FINISM 9117105 SI103
INCuNkATION vertical BEARING RA TOTAL DEPTH (FT) 97- D RILLED BY e.x1... I rn

CASING 10 NOC used CORE SIZE WEA GA04JNDWATER EL. No 1 DATE - LOGGED 13Y-.L .1.0-DATE -ILLL151 64 Po. 2 of 8
EL (DEPTH SAMPLE REMARKS SI N OKDSRPIN

F 14 o S 4 N I

S4 6 2 SAND. narrowly Araded fine send, '5% nonplascic fines.

.6 brown (SP)

18

17

19

Approximate Interface -Rolled Fill
20 - -- Hydraulic Fill

17 S' -Top 8': SAND, narrowly Rraded fine sand. l10x nonpatic finds.
21 S5 10 24x 1: olive brown (SM-SP)

12 Net8" SANDY SILT, non to &I. plastic fines, 4'5% tin* sand, olive
br own (ML)

Sot 2" SAND. narrowly graded tied. co fine *and. Mostly fine, 1.5%
nonpiAStIC fines, brown ISP)

22

23

24

S6-Top 6': SAND, narrowly graded &ed. to fine #and. mostly med. %101
25 coarse send and fine gravel, <5% nonplastci fines, brown

(S0 (5)
6 2 20Next 6": SILTY SAND TO SILTY CLAY, fines content increases with

S6 12 2 20depth (SM to CL)

W5.0 PER K '40 A5R L2 ,n -f- S 10 0-4 a20 o o N OTE S
5et1? 3coe astl

-eVWRT.cms04 tlO?. Of 5AWe.IC 0' C0P( ScROL ' ee Pa~e 1. ~FA 'C P . LO N~H

0''L iOF5DC0>4 R~f )L%,GTH COefl % .-1tR SAN FERNANDO DAM
uk~ivtsc If)O AseLI

I '.4JPROJECT 85669



BORING LOCATION Sit 9-35 132.0's GROUND ELEVATION(NGVO) le3. DATE START/FINISN 9/17185 /L111-111 S1i03
INCUNATION Verticnl BEARING NA TOT DEPTH (FT) 9.0 DRILLE.D BY , . SE-evrc. WtSICOE

CASING I0 Not u**d CORE SIZE NA.. GROUNDWATER EL. .__'_ DATE LOGGED BYJ.P. Pe-An. OAT1E qf 1.18/8 PG. 3 of 8
EL DEPT" SAMPLE REMARKS

TYPE ."s1 PEN IE SOIL ANO ROCK DESCRIPTIONS

sod FIR
FT N ,o 6IN IN IfN

1' 10 I-
S6 6 24 20 $6-8oc 8": Simt ar to cop 6" (SP)

12
1.

27

6

28 15 S7 SAND, narrowly graded med. co fine lnd, mostly mod.,S7 5 24 15 '20% coarse send and fine gravel. <5Z nonpltcLC fines,
13 brown (SP)

-29

7 S8-ToV 5": SAND, narrowly graded fine sand, '5% nonplastlc fines,

11 brown (SP)
30 S8 1 24 Nex 7": SAND, narrowly traded wed. co fine, mostly so., *101

c oarsI land. (5. nonpIl*cic f ine., brown (SP)
Next 2": SANUY SILT, al. plastic fines, -01 fine sand, olive gray

(ML)
got 5"; Similar to top 5" (SP)

31

7 S9-Top 7" SAND, narrowly graded ad. co fine sand. mois sad. '10%

32 S9 24 18 coarse sand, <5% nonpliasctc fines. brown (SP)
- 4 NeXC 4" SAND, narrowly graded tine mend. %101 med, land, <1

nonplastic fines, brown (SP)
Sot 7": Sim.ar to top 7" (SP)

SI0-Tup 3': SILTY CLAY. al. to sod. p~altic fines, .101 fine sand.

34 10 24 20 stratified. olive (CL)
Next 10"; SAND, widely gradedcoarse co fine sand, -101 fine gravel.

1? <5t nonpaitic fines, brown (SW)
SOt 71. SAND, narrowly graded md. cO tine sand, (<51 nonpleacic

tines, tan ISP)

35

40R.H
S11-Top 8"' Wash

ext 3" SAND, widely traded coarse to fine sand, molstly med.. .51
36 Sil -' 24 8 nonplastLc tine., brown (SW)

Next 2-' . ILTY SAND, narrowly graded fine sand, 201 non>IPeetic
.Ines, tra itted, olive brown S5)

I) ot 7. 3AND. narrowly graded med. to tine sand. costly 'sed., 0%(
nonpiacfc tines. tan (SP)

S12-Top 3". SAND, narrowly traded sod. to fine sand, '10% coarse

S? S12 24 '3 sand. (5% nonplascic fines, light brown SPI
Sot 10": 'AND. narrowly graded fine sand, '.1(3 nonpoaacic t!nel,

olve tray (SM)

5:~~~~~~A szyre I'.c" 8"'(' A ~ VA
I Ie..% AINvO Na.a

- 10 Va,..I3

'.4/ -"~5 - .oan 81669



BORING LOCATION .. lj. ... GROUND ELEVATION INGVDI (93 q DATESTART/FINISH 4/1 7/15 /911111, S_103 1
INCUNATION vetcal BEARING 4A TOTAL DEPTH (FT) ,, , DRILLED By r. Itemata c$1CoT

CASING IO ±..-1CORE S(ZE VA GROUNOW.... EL D DATE - LOGGED BY I.R P.r.. DATE |5 PG 4 OF 8

EL OEPT4 S AMPLE I REMARKS

TYPE iSLOWSI ERRE1c SOIL AND ROCK DESCRIPTIONS

FT P NO A6N IN I

S S3-Top 2": SAND, widely graded coarse to fine sand. 110% graveL up to
9., %5% nonpiLastcc fines, olive brown (SW)

S13 8 24 18 Next 5": SILTY SAND, narrowly graded fine sand, '25% nonplastic
0 1 7 fines, dark olive brown (SM) Lower I" of section con-

,naed a layer of stratifLed silty clay.I Neat 3": Similar to top 2" (SW)r Next 4": Similar to SILTY SANU above (SM)
dot 4": Similar co top I" (SW)

Sib Four 3"-thick layers of SILTY SAND gradually changing to
I." lSILTY CLAY. These four 3"-thick layers above are

separated by three 2"-thick layers of SAND, Descriptions
S14 0 24 20 of each laver are as follows:

I . SILTY SAND, narrowly graded fine sand. '25% nonplctiC
fines. dork olive nrown ISM)
SILTY CLAY SI, to mod, plastic fines. 'IU% fIne sand,
strctifted. dark o1Lve brown (CL)
SAND, wilely graded .oar e to fine sans, '0% fine gravel,

43 4(5t '0 :onpI.$tic ftnes, olive brown (SW)

S15-Top I: SAND, widely graded coarse to fine sand. 10% fine gravel,

"4 (5% nonplascic fines. brown (SW)
S-4  51 24 20 Neat 3": SILTY SAND. narrowly graded fine sans. 25 nonpiati4 1 2 fines, dark olive Kray

L Next 3": SANDY SILT, sl. plastic fines. "401 fine sand, stratified.
dt:K -live black (ML)

:" Ne~t 8': Similar to top I" (SW)
Next 2": Stratified SILTY SAND and SANDY SILT.

SNOt 2': SAND. narrowly graded med. to fLne sand, mostly med.. <514.nonplastic fines. light brown ofP)

S16 LAYERED: SILTY SAND and SANDY SILT: SILTY SAND, narrowly

S 0 graded fline sand, '25% nonplastic fines, olive brown,

L 0 .ayers op tO ' thick (SM)
10 SANDY SILT, il. plastic fines. 401 fine sand, stratified

dark olive brown, lavers up to 11" thick (ML)
Sample contained a -chick layer of widely graded coarse
to fine sand. Located in middle of sample.

-- 47K 6K 8 S17 8 24 18 Si7 SAND. narrowly graded fine sand, '15% mee sand. -5%

1" nonplasctc fioes, light brown (SF) Sample conclneo two

20 "-thick Layers of stratified silty clay, located at top
and bottom of sample. Sample slso contained one ("-thick
Sayer ot sandy ilt, located at siddle or sample.

49

SIN-Top '" SILTY SAND, narrowly graded fine sand. 1IS nonplastic
fines, brown (SM) Section contained one ),N"-tnick lens*
Sof silty clay.

0 $18 13 24 22 4eXt 7": SAND, widely graded coarse to fine sand. Mostly med. to3 ine. 0% nonpiastic fines, brown SW
Next 5". SILTY SAND, narrowly graded fine sand, '52! nonplastic

fines, dark Oli'e 'SM) ifwer " of section consisted of
sirsttled Ilty CLay.

Bot 3" 'AND, narrowly graded med. to fine sand. '.% nonplastlc
-- fines, brown (SP

S 19 -To fie Ad,%U on t I

S19-Top 3" SILTY SAND, narrowly graded fine sand, 'IC! non to I,
SP9 f plastic tnes. dark olive (S )

Next N" AND, widely raded coarse to line ..nd, 1% nonpiastic

'!. at -W-.w Wss 50 0-1.'T al2 0, o NC TiES
(Or 505o5 5550'.!

.t.no r~t~ o UWRde CP cost 8"AL ',e Page 1,

Qo.sn. L N 0. 0-0Cin > 5 ,daN COs.% Pr-EVALL'AT: ' (r 71r S! : t :N THE

" no .,. . 4 : (W F S A S F FC N A N D O D A M

05w i Polt, 

°/at,

0 omr Aastoes M nort 3/10106



r BORING LOCATION St. 9-5 132.0's GROUND ELEVATONINGVD~I! ..." . DATE START/F1NIS&'' 1
8' /--22 S 103

INCLINATION vj",- BEARING A_._TOTAL DEPTh (FT.) _ 7_ 0 DRILLED BY -r ... , WESICOE

CASING ID Not u.ed CORE SIZE NA GROUNDWATER EL 4
l

a DATE.- LOGGED BY . DATE , :-h" PG 5 OF 8

EL DEPTH SAMPLE REMAR'S

jTYiEi0oWSi PENdcE SOIL AND ROCK DESCRIPTIONS
and I RI I|

FT FT. [NO.- 6 IN IN A

'0 S19-Next 2": SANDY SILT, &I. plastic fines, 140% fine sand. stratified

19 1 24 17 dark Olive brown (ML)
19 Sot 6": SAND, widely graded coarse to fine sand, (5% nonplastic

19 fines, brown (SW)
53

3 S20-Top 4": SILTY SAND. narrowly graded fine sand. '20% nonplastic
fines, olive brown (SM)

20 Next 2": SANDY SILT, il. plastic fines. '40% fine sand. scra
9 2 tfieJ. olive brown (ML)

Next 9": SAND. widely graded coarse to fine sand, 110% fine gravel,
<5% nonplastic fines. bron (SW)

Next 3" Similar to cop c" 'SM)
Soc 2" Similar to SANDY SILT above (ML)

55

;21-Top 3": SAND, widely graded coarse to fine sand, %5% nonplaictc
18 fines, brown (SW)

56 S21 T4 24 18 Next 2": SAND, narrowly graded med. to fine sand, <5% nonpLastic
56 fines. brown (SP)

x6 eet 4': SILTY SAND, narrowly graded fine sand, 125% nonplaectc
fines, stratiled, darK olive brown SM)

'ot 4": Similar to cop Y' (SW)

57

22 S22-Top 15": SAND, widely graded coarse to fine 2a,u, oacly med., %5%

S12 18 24 20 f4ne gravel. <5% nonpLasctc fines, brown (SW)

58 Next 4": SILTY SAND. rarrowly graded fIne sand, 140% non to al.
-- So1 plastic fines, olive brown (SM)

3 got I": SILTY CLAY, mod. plaatic fines, '10% fine lend. cra-
t~fled, dark olive brown (CL)

59

12 1'23-Top 5": SAND, widely graded coarse to fine sand, mostly med. to
60 S23 16 24 21 fine, (5% nonplaetlc fines. brown (SW)

Next 7": SAND. narrowly graded fine sand.'10% nonplasctc fines,
24 olive gray (SP-SM)

got 8" SAND, widely graded coarse to fine sand, <5% nonplastic
fInes, olve Kray (SW)

61

8
-6 2. 13 2421S74-Top 7 SILTY SAND to SANDY SILT: SILTY SAND. narrowly graded

62 4 2 21 fine sand, %20% nonplEasic fines, olive brown (SM)
'9 Gradually changes to SANDY SILT. el. plasCtic fines, '40%

fine sand, stratified, olive brown (ML)
Next 7" SAND, widely graded coarse to fine sand, <5% nonplastlc

fines, brown (SW)
Sot 7"' SAND. narrowly graded fine land. '% nonplasctic fines.

63 brown (SP)

17 S25-Top 3" SAND, narrowly graded fine sand. s10% nonplastic fines,
24 brown (SP-SM)

SAND. widely graded coarle co fine sand, s).2 nonplaatic
:3 tines, brown (SW-SM)Sot 10" 3imtlar to top 3" fSP-SM)

NT

-vrsno. Lt'. 0e ORad C.(gse 'SzeePae1

I~c .cn.s j'.ov. 0'e1 Psge
oo.jzon O %*o coon >0,. CoeO.% QE-EVALUATION OF THE SLIDE IN THE

Slu INOcw UMtO 4 WER SAN FERNANDO DAM

-Nnf0 %A.(E[e

*e0moart'e D' msc.~s AnT 3/10/86
o~'4" , egV 85669



BORING LOCATION st 935 12-0-9 GROUJND ELEVA'flON(NGVO' :03 9 ATVF START/FINISH 911 ?14i Xil s4 S10 3
INCUNAION vertical BEARING NA TOTAL DEPTH (FT) ?_,0 ORILLED BY S Es-.., WESC0IC

CASING 10 Not utd CORE SIZE NA GROUNOWATER EL. .! DATE... LOGGED BY OATE 
0

" PG 6 OF 8

EL DEPTH SAMPLE REMaRKS

TYPE 0O5SPEN REC I SOIL AND ROCK DESCRIPTIONS
dad PER|JT nayg INI

S26-Top 8": _Nl, narrowly graded fine sand. '101 nonpLaStic fines,
brown (S-SM)

'' I Next 6": SILTY SAND. narrowly graded fine sand. '301 non to al.

S26 71 24 22 plastic tines, dark olive brown Sm) Bottom I* ot section
66 10 contains( a layer of stratified silty claY.

28 Qp= 1.05. 1.10 t f
Sot 8": SAND. widely ,rAded coarse to fine sand,%15% gravel op to

I .10" max., 0% nonpiastic fines, prown (SM)

67

20 S27-Top 10": SILTY SAND. widely graded coarse to fine sand. %10% gravel

68 S27 28 24 20 up to 314": .20% nonplastic tines. brown S-(

26 Bot 10" SAND, narrowly graded fine sand. '0% med. sand. '51

22 nonplastlc tines, 'rown (SP)

S69

L
13 528-Top 2": SILTY CLAY. mod. plastic fines. 110I fine sand. scra-

70 $28 'g 2s 22 Next tified, dark olive brow-n (CL)
28 Next b" SAND, widely graded coarse to fine sand, 1oEtly med..
26 i0 K i up to 3/4", (0 nonplastic fines, crown (SW)

Next 9" SILTY . .4. 'iarrowiv graded fine sand, 31)% nonpiastic
fines. '10% med. sand. stratified. o.Lve brown :0')

Sot 5': Similar to 6" sand layer above (SW)

71

S29-Top 13": SAND. widely Rraded coarsa to fine Send. ''31 fine

Krve. '(0 nonpiastic fines, brown ,'.-SMl Section con-

14 tained a 2-thick laver or silty fine sand.

I Iot 3": SILTY SAND. narrowly graded fine sand. '51% nonpiastic
fines. brown, (SM)

73

8 S30-Top 4': SILTY SAND. narrowly graded fne sano. '-'51 nonpisctic

is fines, dark brown (SM) bottom -'t sect Lon c-aisted of
74 530 20 24 18 a scractlled sandY silt.

'5 Next 13": SAND, widelY graded coarse to fine sand. '1 travel up

Sot ": SAND, narrowly graded fine sand. Sit nonplatoc t no.,

olive gray (0('-OM)

75

S31-Top 3 SILTY CLAY. al. to mod. plastiC f'es, '-''1 ' -e sand.

stratited, dark olive brown CL'

76 S31 24 i8 Next 9" SAND. widely WrAded. coarse to 1lne sand. %'St nonpaltic

fines. 15% fine grace,. bron 'Sd-SM
"t o b SANDY SILT, nont:, ', s.. p.asric tnes., 'I lIne

sand, mottleo o1ive Re- aI-d r ,wn .:- ,C..n eara to

te dry.

77

S32 12 2S 532-Tca '2' SANDY SILT. ion to . clastic fi-es. !'-e sand., car

s~s 55-o ~y5,,,45 ,Z.-e n~wn,,.oc NO'EO '

• C4Zfl5Nm~ N 01 E' n

P, 1,n " ", IC-I ist. -1. 55.
- t5S0 c
Us~x .av s )a nw'moe.sc - A' E

Q-US



BORING LOCATION S. 9.35. 132.0's GRONOELEVAIONiNGVO, 1 DATE START/FNISH . 7 S103
INCLINATION.AiV.LicL .BEARING 'A TOTAL DEPtH (FT) _ _ _u DRILLED BY -

CASING I0 'It -,-d CORE SIZE NA GROUNDWATER EL OATE- LOGGED BY 1 ' P- DA4TE N 
7-

1 11 PG 7 OF 8
EL DEPTH SAMPLE REMARKS

TYPI ; 
P

EN SOIL AND ROCK DESCRIPTIONS
.laFr Nd IE I l I iFl FT Noj

6
S32 1U 24 20 $32-Bot 8" SAND, wiaekv eraaeo coarse Co fine sand, '10% nonplsctic

11 fine, broo" (SW-SM)
79

8 S33 SAND, narrowiv eroded ,ed. ro fine sand. -)'% nonpiaattc
fines. browntSP-SM) Sample contained a -In. thic layer

80 3 2 of stratified sikry clIav CL)
19

10

S3 1 24 17
62 7S1 3 SAND. nArtoTa raoeo fine .ane., Ij% nonpastc ine.

15 brown 6A-Si1

84 S35 0 24 17 S35 SILTY SAND. narrowiv iraoed fine sand. -5% nonpasatic
84 15 fine. bro-m kSM)

19

85

S36-Top 9" SILTY SAND. nrroWjV xraod fine sana. %;5 nonpiastic

6 536 2 22 flne;, brown.-)
66 9 NexI: 5" SIl.TY CLAY. on. p-.scic fines, !0% tine &sno, row

11 (CL)
Qp 3. 1.5 tot
S - t.85 tt

N a. b" similar C.o rC , 0
toc '. Similar o SILTY --LAY tore CL,

87

5
37-Top 5"" SILTY SANL 7rrowLv traoeo fine sand. ''35 nonmancc

6 tine.. brom -j)6 4ext 13'; SILTY CLAY. -on. p!A-ic fines, '%',, vry tine Rand.

88 S37 24 24 Stratified. .iarK Orown ,,,
2 . ' - . . , ,. ",s

Approximate Intertsce - -vdrauic F,>

89 AIlIviim

Next 5' SANDY SILT. , 9. .. tic fines. 35% t I-e n-no, .ICK
4L)

Not 2" SILTY SAND, wiceny franed coarse to tine sand. '2 '
nonplasLc tines, black TM'

90 S38 c 20
-7J

S38 ',>LTY ANI). .,e acar I e ma g 7, 1~ -a~ I. dline," ,"''t non 5 ~s : ... e' .P .: I,,.. -

Ins. nnpia.:-

Rt *fCONIfr U.n41. 01 1"ues.ei.

.o $ L - $" LI vCRR cow- > 4 O RE - -E A A % 'S 11-" 1.00. "." -1 WF9 SAN AN .

- M110. rc ' ~.1v~OO6'TV ~ as 5K

ON.&TWv. ' IRm~a. ~. r

.. o~ Cgi



BORING LOCATION - . q '1- I I,. I's GROVND ELEVATO (NGVO 9 DATE START/FNIS/ " S 103
INCNATION . BEARING _ ,, TOTAL DEPTh IFT) _ _ . DRIIIED BY 5 ...*.r F5'CO!

CASING 1D No! j.od CORE SIZE ___ GROUNDWATER EL _' DATE LOGGED BY It r:OATE --: PG 8 OF 8

EL .EPTL SA MPL
f 
IEMARw

TYPE OLOW5 PEN REC I SOIL AND ROCK OES-,RIPTIONS

FT FTT NO i6 , 1 N IN

-92

h-% S39 24 22 539 - SILTY SAND. narroly traded sed. to flne *a n. iostly ft , ' 51]
non to si. piastLc ttnes, o~ive anc brown iS' '

I- IBotto. of Borehole - 7.0 ft

h

K

~ - I

I . * LL.% A

2-'C 5



BORING LOCATION 5, Q- 1, '1 1 S rROUND 'LEVATION (NGVO) '4.' DATE START/FINISH- / S 104
INCLUNATION .r.cl BEARNG NA TOTAL DEPTH (FTI '2 DRILLED BY SIOrE

CASING ID Not k.d CORE SIZE NA GROUNDWATER EL C" DATE_- LOGGED BY er. *s DATE 
-  * 

PG OF 9

E L ) D E P TH S A M P L E R EMA RK 5A YI 1LVIpNRC SOIL AND ROCK Dt$CRPTONS

.or SI -SILTY SAND, widely graded coare to fine sand. mostly fne, '30%1 1 7 28...h borLn,, nonpLasctc fines, %10% K avel up to :." Tax., su bang-uar. trow-n (SM

bentOnt CO

2 Cleanei out.

I be~ LI

5

6 Sz 5 24 19 S2 - SILTY SAND, widely Arded cosre to fine sand. flocly fine, O --

2 nonplastic fine,. %O grave. up to 3/4", subanKular, dark brovn .

'5

.8 S - SILTY SAND, widely graded coare to fine sand, '24K 2LithICnv
S3 4. 2U pLaStiC tInes, gravel C to '0t 2", nubounOed to sjDang-sAr. dark

'o re''.u 0:", A
tO dC=tuO $*59.0 -- uae -!n

15.o,,o,, 0'l ¢ .51 ,1r- .w~m= .. *t '0 8



BORING LOCATION 5- GROUND ELEVATION 1 0ArE START/FINISH ' 10/ '225 S104
INCLUNATION veic..a. BEARING _ _TOTAL DEPTH (FT) i 17.0 DRILED BY I St...r .jS1CO

CASING ID N mood CORE SIZE NA GROUNDWATER EL 0 DATE . LOGGED BY '.i P It r r i m *AT e PG 2 OF 9

EL DEPTH I APL REMARSfEASOIL 
AN0 ROCK DESCRIPTIONS

OLd PE RECa% d PERI
FT IT No 6IN N N I

- 15

S - SILTY SAND, widely Rtaded coarse to fire sand, -catlv te. to fine.
! S4 , 19 s3u ,ihcly p~aictc fines, %]j% Rrave. .,p to . , s~Ttound, d to

'c, subanguiar. JarK brown M)

K'

19

20

S5 "5 - SILTY SAND, widely graded coarse to fine sand, ToStEV Med. to fine,

21 "-1(,'% ilhtly plastic ftnes. %10% gravel o to ," sjoalRuiar, top
22 " dark brown. bottom I1- brown ISM)

22

23

24

15

56 .- 2" 36 - SAND, n-rrowv graded ;ed. to fine sand. p,. nonOetIClc tines.

I--% -6 0a -1. 0 .NOTES

-EVA $CA7
t
N :N 7i(O

C 1.XC cC-t 'edi COPED %*-A
310 S.Uea., ;EM -'A, FE4NAN.C A

II A 3 '.0

O~S~L3CaV.OOD~ O~t 32 5



BORING LOCATION 51, 9-) - I- GROUND ELEVATION (NGVO) !114. 5 DATE START/FINISN ,, /I ..... S 104
INCLINAnON ver it al BEARING ': TOTAL DEPTH (FT) D17.0 RILLED BY . e..rt. I.Frco

CASING IO Noc ued CORE SIZE NA GROUNDWATER EL. ' DATE - LOGGED BY DATE91wIA PG 3 OF 9

EL DEPTH SAMPLE REMARKS

TYPE SLOWS PEN REC SOIL AND ROCK DESCRIPTIONS

0-T PERPIT 1 NO 16IN IN I N

Sb 3 24 6 S6 See previous page.

20
-27

28

- 29

30

5
S7 8 24 12 S7 SAND. narrowly graded ned. to fine @and. mostly mod., '5l

1 coarse sand and fine travel up to 0%'. (3 nonplastic
?4 fines, subrounded to suon1aRtir, '11'I tan (S?)

32

33

34

35

70 S8-Top 8*: SAND, widely graded coarse to fine sand, 1l0% gravel up to
SEs '2 24 17 1/8'. s]% nonpLastic ines, subrounoed. brown S4)

36 73 Sot 3" SAND. Wkdeiv LRade coarse tj ine sand, , ,n ronptaatic
- ttfes, s~nantuir reddl rOW, n 1 , -anpLe contained

two pieces ot "ravei,

S37

*i1ACJg.EE.G c 1 3-1 1 ,NOw N 0 T S

'En ~d~ttJ% t~, 0 SMPUC~ C~ Ste Page
-9E

( ICO {('E 1%GTN 05 SAOPU
• )OS . r' EAoaSO CO t,./. A T.r C0.fO % C -;A L '!T '. F TOf SI ' C N T0

- ' is{.ty TUc t .D'O(i

~G ~s~-elm 85669



BORING LOCATION St. 1 1-S GROUND ELEVATION (NGVOl .'14. 5 ATE START/FINISMl 2b11 /gl"' S 104
INCLUNATION V.rtic. SEARING NA TOTAL DEPTH (Ft) '17.0 - DRIULLE BYr it ... rt wtsCOr-

CASING 10 Not us" CORE SIZE A .... _GROUNOWATER EL. ".'! DATE-- LOGGED BY ,OATEVL1-128L PG 4 OF 9

EL DEPTH SAMPLE I REMARKS

TYPE BLOWSIPEN RECI SOIL AND ROCK DESCRIPTIONSand zz ___FT FT NO KIN IN IN

SN-Top 3: SILTY CLAY. 'od. plastic fines, N10% fine sand. laminated.
dark cray (CL) Occ. irregular Layers or silty fine sandto 1/4" thick.

.0 Approxinate Interface - Rolled Fil

p Hydraulic Filtl

3 SQ-Next 8": SILTY SAND. narrowly graded fine sard. '102 nonpLaattc.1 s 6 24 tines, laminated dark brownish gray ISM)
5 2ext 4" Similar to cop 3"
6 Next 4 ' Simtilar to SILTY SAND above (SM)

lot 5": (rop 3-) SANDY SILT, slightly plastic fines. -35% fine
sand, dark tray (ML)
(hottom I-) SILTY CLAY, mod. plastic fines. <5% fine sand.

42 lantinaced. dark gray (CL)

45.

U1 SIO-Top 5": SAND. narrowly graded med. tO fine sand, 110% nonplsLcic
S10 10 24 20 fines, dark olive gray (SP)

460 Next 9': (Top 2") SANDY SILT, sl. plastic fines, 40% very fine

16 sand, dark olive gray(ML)
'Middle 6") SILTY SAND, narrowly graded fine sand, s2U%
nonpLastic fine,. dark olive tray (SM)
.ottor I") SIL'TY CLAY, od. plasCIc t ne. (5% f Ine nano.
dark olive gray (CL)

47 Bot 6" Simi ar to top 5" S)

48

49

50

5 S-Top 5'. SILTY SAND, narrowly graded flie sand. '-'? nonplaatic

1 f 5ines. jrk olive cray (SM)
9 24 15Next: 7' AND., oely graded coarse to MOn sand. K51 nonplaslc

-Ines, dark olive gray (l )

3ot 3" 'ANDY CLAY, si. plastic -tnes, %(.) fine sand. Cars olive

zrav (CL)

SO.s It- 6 X.iS -W.ag 'C-ro 1o TO OntA~ o0n. oM NOT ES
1r,' 5000 S-"- 0Cer. IM.r

. O a - . ' ' - 0 ' Ss -I L A p R e ' y 7,Eysc., costs )asN/LjN0TstO~fO,% ).ER .. 'A

s e,5os 5an**U{ vOOf,

S..(CV 'ot o- 0-569
'Co ~ ~ 1 Uo -. '"~

-a 0'111 11 1 .4

G.Oveoxaltp (It) - etftb aat 0 .. ox



BORING LOCATION Sts o.. 71 GRON ELEVATON,(NGVO 1114.5 DATE START/FINISH.,o,___/ o,,,,,, S104
INCUNATION vertical 8,ARING ___TOTAL DEPTH (FT) 7.0 DRILLEO BY ' 51.rt. F/SICO

CASING ID not -1 CORE SIZE GROUNDWATER EL. g.!, DATE. LOGGED BY i P. f ns DATIE 
' I

-h/& PG. 5 OF 9

EL DEPT' SAMPLE REMARKS

Y1E BLOWS PEN RC SOIL AND ROCK DESCRIPTIONS
.,, PERFT FT. _NO 6IN IN IN

53

54

55

4 S12-Top 6": SILTY SAND, narrowly graded fine sand. -20% nonplastic
S12 1 24 17 fines. dark olive brown (SM)6 Sot I " AND, widely grade. :oarse co fine sand, <5% nonplaactc

1 fines, suban~ular, lLght olive brown tSw)

57

-58

59

60

2 S13-Top 7" SILTY CLAY, mod. plastic fines, (51 fine sand. blackishIbd brown, laminated (CL)Si S13 10 24 24 Next 12": SILTY SAND, narrowly graded fine sand. -20% nonplastic

Stnes, tine content decrease@ with depth, blackish brown
'Sm to SP)

sOt 5": Similar to top 7" (CL)

62

63

64
65

ace1 'E' 6 '-OLnD --ea 1-1-G So 10 0-1 oa. Oa 00 NOTES
I S00. SA.1et

-s:(c INEC"" ' ' I u OF SAMPLE See Paste

eoon.,TH ,F S OO" >4,W/ L'. Copto % RE-EVALUAT:ON CF THE SL:DE : THE
uSLnIT 1s004 S a " SAN FEFNANDO DAM

iO~rtoacm .0 ft
*eoe' .sew a o0,i o.o.1 .5 a.F: oan 3/10/6

85669



BORING LOCATION S. '-, ']-'s GROUNOELEVATION(NGVO) t DATE SAoTovo" S104
INCLINAION vrticat BEARING NA TOTAL DEPTH (FTI ''lo DRILLED BY ESC,*r .JS/COE

CASING 10 Po u.*d. CORE SIZE '4A GROUNDWATER EL. 'Q DATE - LOGGEO BY R. Perking DATE q %;2! PG 6 OF 9

EL DEPTH SAMPLE REMARKS

TYPE BLOWS PEN AEC SOIL AND ROCK DESCRIPTIONS
0.4 PER

'T t NO_ 6IN !IN INm

2 SI4 SANDY CLAY. mod. plastic fines, -20% very fine sand, '.Mi-hated. very dark brown (CL) Sample contained two I"
24 22 layers o sLit'y fine sand locatce at the middle an top of

8 sample.
Qr - 1.3, 1.5. 1.8 tsf
S, - 0.8b, 0.90 tnf

67

68

69

70

4 SIS-Top 6": SILTY CLAY, mod. plastic fines. IK very fine @And, aat*

s15 2) 24 hated, very dark olive brown (CL)
7 2 2Qp - 1.50. 1.60 tst

.0 S, - 0.93, 0.95 tsf
Next 12": SILTY SAND. narrowly graded fine sand, 15% nonpiastic

fines, very dark olive brown (SM)
Soc 6": SILrY CLAY, nod. plastic Pines, 110% very fine sand. lath

hted, very dark olve brown (CL) Occ. lenses ot silty
72 fine land.

p- 1.50 trt
S, 0.92 tat

73

74

75

S16-Top 2' SILTY SAND. narrowly graded fine sand, '20% nonplsatic
6 fines. very dark olive rron tSM)

76 S16 1 24 19 Next . SILTY CLAY. -od. plastic fines, 0% tine sand, laminated,
14 very dark olive brown (CL)

Next S" I LTY SAND. narrowlv graded ftine sand. '303 non to sk.
pLastic !tnes, very dark olive brown SM)

Next 4" tmilar to :LTY Ct-AY above tCL.)

'7 1 1 .0 tr7" '-o - ''.0 tt

tot 2" SLyl ar to CoN :" (SM)

S7 E S-

u-ft[ *:R 3 azoSN r 0;

5-ft, 8')

II Il| I II l l i lm nn I I I l lll I; 11131 'C,86



BORING LOCATION St. 9.35 73 PSGROUNDELEvAnoN(NGVD1 4.5 DATE START/FINISH 9o'0 /L...s S 104
INCNATION vertical BEARING '4A TOTAL DO" (FT) i 17.0 DRILLED BY . te.4rc. 'ES/COE

CASING ID ... e'CORE SIZE NA GROUNDWATER EL. ' DATE - LOGGED BY j*R erk"$ DATE'/10-12; PG 7 OF 9

EL DEPTH SAMPLE REMARKS

TYPE BLOWS PEN REC SOIL AND ROCK DESCRIPTIONS
0154 I PER II

FT FT NO lIN IN IN,

79

80

5

81 S17 24 17 S17-Top 7": SILTY CLAY, mod. plastic fines, 0% very fine sand, I.al-
! noted, very dark olive brown CL)

20 Qp - 1.2.t 1.7 tstf

S, -o0.f, >.d, t
Bot 10": SAND, narrowly graded med. to fine @and. mostly fine, <5%

nonplasctic tines. brown (SPI

82

I- a

S83

84

85

S18-Top 14": SILTY SAND, narrowly graded fine sand, 45% nonplastic
11 fines, dark olive brown (SM)

86 S18 17 24 19 sot 5": SILTY SANDY CLAY, mod. plastic fines, -15% very fine sand.

75 stra,&fied, several lenses and thin layers of silty fine
sand, dark olive brown (CL)

87

88

89

90 S19-Top 1b" SILTY SAND, narrowly Kraded fine cmn. '30% nonpl a tc
, line,, dark o'lve bror. SM) 5Amp4. contained three

'-thiCk Iaye o1 stra tted i1,:v c.9-. S19 6 24
,  

24

al :fnctnuec on next page

St'OWS lOl( ";*U 0LA - W ~-.L-03 O  

rOO'ffl [& oiko NOTES~l'T Spoo" sh"PL(

e00-0.,COFU9,"o coc, > 4ee Pete '. RE-EVALUATCNCIF .TE S': !7N THEt

S-L s 3_, 4 $*A .. ,(t L)WER SAN FE NANDO :)AM
7u -fuO|rusc SM P1 e.13lWo. SEP"oO OE c.

u o -oJt5n Y45. .eiK5

e~muqtm.* o(Scsr0856AO OIYC1VM85669g

.ea mn m lm iea ue gl g



BORING LOCATION St- 9-5,731' GROUND ELIEVATONINOVDL. .'".j.. DATE START/FINISH-108 X!.L2..~ -'S S, 3104
INCUNATION v-,sI-1I REARING NA TOTAL DEPTH (FT) 17.0 DRILLED BY r. . wES/CoE

CASING ID ,t -d CORE SIZE NA GROUNDWATER EL D OATE. LOGGED BY 2 r . OATIE9'1'-2/A pG 8 OF 9

EL DEPTH SAMPLE I R EmARKS

TyPiE BOWS PENIEC $ SOIL AND ROCK OESCRIPTIONS

IasIER I
FT FT :IN I IN IN

SS1-Next 5". SILtY CLAY. nod. plisric tines, %'5 very 4ne ano, s.ra-
ctifled, drk oiv* brown (CL)

Slq 11 24 24 S
v  

- 0.96. )).U t:si
23 , - 1.8, 1.9, 2.2 f

o Iot. J": SA,,v', narrow.- -,-ueo in .n.c. . ,'piatic tines.
L 92 bron (SP)

93

3 S20-Top I1" SILTY SAND, narrowly graded fine sand. 120% nonplastic
fLnes, dark olive brown (SM)

S20 24 20 ext b": SILTY CLAY, noo. plaarc fines, 5% fine sand, stratitied.

18 cark olive brown ACL)
Sv >I.0 [ c

- .75, 2.0. 2.0 taf
Noc 3" SAND. narrowly graded ned. to fine sand. mostly fine. <%

nonplasic flines, brown (SP)

9,

r

12
'5 S21 SILTY SAND. narrowly graded fine sand. '20% nonplaatic

S21 1 24 17 fines, olive brown (SM) Saaple contained a I"-thick

aver of stratified silty clay.

- '~a'~ss~a~nIC Q~.vnj4,~0 NOTES

'C - : I~m,, £.,,.:,. , S~ ' J F-EVATL .T,:ON r',F T S S' I-"E ;

... r..-aD roar,1 >a. uInTn (vatn % SAN '.. INANDO DAI

S 5. s'9O . BE"..
~"vs~ern 5...et

Sq 5, 'tSP :-n n.o



BORING LOCATION 9 0- 15 GROUND ELEVAflON(NGVDI- 145DAESRTFNH

INCUNATION vertical BEARING _ _ TOTAL DEPTH (FT) 
S 104:WED BY . 4rSICOI

CASING ID dCORE SIZE ',. GROUNODWATER EL. -_ .: DATE --:-- LOGGED BY_ ._ ... A 
"'

' 
S  

PG. 9 OF 9

EL DEPTH SAMPLE REMARKS

TYPE ULOW RPEN REC SOIL AND ROCK DESCRIPTIONS

Ond PER IFT FI' NO. 6 IN IN IN

105 Approximate Interface - Hydraulic Fill

Alluvium

5 S22 SANDY SILT. non to st. plastic fines, 35
7
. fine - med sand, %57 gravel-

S22 9 24 22 up to 1", blackish olive gray ML)

20

II)?

108

109

110

17
S23 ?6 24 22 S23 - Slmilar to S22 (XL)

25

112

113

114

S 24-24 s G" SAND, ajrrowl.v Araded fine sand, %'(1% oonOL&IItI- finea,j 2v r'I and .rcon n

-Otto,, ol lorehoce - "t

;.C$'16- .OJ~wua.,a~ -.
4 

"C ,olOn NOTES

S*C.' .. ,', 85b



BORING LOCATION S~aIR 9-1 .4 Is G ROUND ELEVAT1ON INGVD) ~ 'l DATE START/FiNISH /-'" L S, 1 110 5
NCLINATIOR BEARING ___ TO'AL DEPTH (FT , 7.0 DRILLED BY I.-SICTEf

CASING ",.. CORE SIZE ____GROUNDWATER EL " DATE.... LOGGED BY DATE PG I OF 9

E. DEPTH SAMPLE R EMARKS

TYPE BLOWS PEN [c SOIL AND ROCX DESCRIPTIONS
F T5 P E R I

F7 1 O IN IN IN

I S1 1 2l - SIL L AND. widely graded coarse to fine sand, mostly fine, ji,4
1 36 23nonplastic fines, (5% gravel. brown i())

-,d.

2 L ht-t I

.Ovtrd
]- Lt 0

n R

9
S2 - SILTY SAND, widely graded coarse to fine sand, mostly fine, '30%

2 & 221nonpliasEc fine@, %5% gravel up to l2", blackish brown (SM)

7

S- , 3 :1 24 17
SS 23 - SANDY CLAY, si. to moO. plastic fines. '40% coarse to fine land,

%15% gravel up to 1.0". brown and olive gray (CL)

-- 2

5 .Z5-1l6 -ZAW-flLLG5O00v*ClO NOTES
- " . ."OIJ.0CcCaner uocwater evets not recorded

J' . ' U.u-e ntolllte dr l'g -C
2 " LW .' '- .. ntco'n >4rN;zIVGrM tOREO % 'no -. Ii eno- e wouic produce

S . 1"R so ,ILE ZE-EVALL'AT:CN OF 7"E SLIDE 1%' TPE
. @o S .. -'ER SA FtN NDa c-sv'.n+ +*-,. accurate readines. .40E Oft', CO ONNO 2AM

O,0 55,t.ann.55C O.T 3/10186
6*,c 66-b9



BORNG LOCATION s, 9,35 '.'sGRO NO ELEVATONNGVD ... A... TE START/FINISH 912 /...4.5 S i 05
INCUNATION rtical BEARING N' TOTAL DEPTH (FT) 'i?.0 DRILLED BY r Steart. WESICO .

CASING D O used CORE SIZE .,.A GROUNDWATER EL. glZ
) 

DATE LOGGED BY JP. -.- kin DATE 5'I2- SI PG 2 OF 9

fL DEPTN SAMPLE REMARKS

TYPEIS ENREiC SOIL ANO ROCK DESCRIPTIONS
TYK PE II

rv*i-i i -KT T N S:O P IN

I

c
L 10

S17 54 - SILTY SAND. ,Ldelv graoed coArse to fine and. sostly fu~'ne 301
S S4 o5 24 21 on to sL. pLastLc flnes. 'I0% :rave up to 12, blcacisn rsy (SM)

27

18 H

21 S5 241

S5 24 19 S- Stlar to S. (SM)

r22
23

24

S'_ 2, 1
;- 25 ' 8 '

2 2 . 19 - S:'TY SAW). wideiv graded Ccoart o firre ad. '37 noplla tic

1--s E* OA "wf $, - ) TOMAA a0,0,NOTES -t MElea, If AG 0re sp to .3-uac~SOrw
-- ZG O O tJ~e~lOi.' E-EVALUAT:2N OF ' [ t : HE

. OIV t 5Ort0 CO 41 4 / '/. O/8 COM5O.
S 90004SAML "JR S N F R A l-

-S 110 SuM n.0' (K

.0 Orc~sG *.~,85669



BORING LOCATION It& 9-15, 23-4-1 GROUJND ELEVAION(NGVDLI ,.... DATE STA/FNISH1'/225 / S 1I05
INCLINATION vertical BEARING 4A TOTAL DEPTH (FT) 11.,0 DRILLED BY T. stwt -ESICOt

CASING ID 'lot used CORE SIZE NA ..... GROUNDWATER EL Nl DATE - LOGGED BY J R- P.-In. DATEV''
1

4e8'5 PG 3 OF 9
EL DET SAM PL E REMARKS

TYP ['1 WIP1f IRCI SOIL AND MOCK DESCRIPTIONS

b1 217 24  [ 1 6-S.peiu page.
25

279 e

28

29

30

19
57 28 24 15

31 33 7 GRAVELLY SILTY SAND. Nidely graded coarse to fine sand. '20%
46 nonplast ic fine.. -20% gravel up to 1 

1
/a', darK ol ive brovn (Sm)

32

33

35

24
16 SO GRAVELLY SILTY SAND,. ~ideip grddcarse tonfine sand. 120%

SB 20 2 14gravel up to .0' , 0 nonpiaeLic fine. dar o0v -rown (SK)
*00

37

38

ILD'SIX 555 0J 05 W* &LIN 30 MWW20*00o~ NOTES
.1'W An.. Lceom r'I OFege cU M s R o e R See Page

e"C el-EffV L1*410 00 IaUA-jF7;

I Islur SZON, .5LI2E SAN FERNANDC AM
Tim S0-1lPk M1

%OffTTMje

P.(- Ins,~e~t to~CC At0 SERPP

;7 ORM.-n[A :.E '0 5



BORING LOCATION s- 9 3 1 ' GROUND ELEVAnlONINGvO1. 4.1i.. DATE START/FiNISH 7.*M S 1I05
INC INAT ON vertical BEARING NA TOTAL DEPTH (FT70 DRILLED BY F. !e ..... S l 'c

CASING 0N- CORE SIZE WA GROUNDWATER EL 2' DATE - LOGGED BY ' R. Perkin, DAT
'
E '''2'5 PG 4 OF 9

EL DEPTH SAMPLE R EMANES

TYPE LCAN PEASOIL AND R3CK DESCRIP
T

IONS
lea PE

FT FT No IN

40

31

28 24 0 $9 .10 RECOVERY. suspecc gravel in front of sampler while
33 dt~l

42

43

44

4Approximate Interface - Rolled Fill

Hydraulic Fill

4
1 24 12S10-Top 5": SANDY CLAY, 0l. to nod. plastic fines, '35% coarse to fine

46 $and, mostly fine, s15% gravel up to 1/'. olive brown (CL)

8 Bot 7": SAND, narrowly graded sed. to fine sand, mostly med., % 'M0
coarse sand, (5% nonpliatic fines. brown (SP)
Tip of shoo contained a thin layer of silty clay.

47

4
S11 4 24 15 $11 SILTY CLAY. mod. plastic fines. %10% very fine sand, stra-

48 4 tified, very dalr olive brown (CL)
5 Qp - 1.2, 1.1, 1.0 eaf

Sv . 0.66, 0.60, 0.60 taf

49

2
$12 3 24 24 S12 SANDY CLAY. al. plastic fines. '20% very fine sand. stra-

tified. blackish olive
QU : 1.2 taf
S, 0.1 cf

51 S13 SANDY CLAY, mod. plastic tines, '201 very fine sand.

2blackish olive (CL) ucc. irregular pockets ofs iitv fine
S13 24 14 sand. SaOPle conlt&ned a I1." piece or grave, at lower

5 ctlird.
5

52

ILO"g of-$ .4500 eas.o Fa_.ego Teoo"aZOe c NOTES

'Pt"* SP 'o '. s'
secscowp use, cc PRP ot*At See Psge1

-W. ooR )l5.on4NLX Com. % RE-EVALUATION OF THE SLIDE IN THE
5 SL SOWER SAN FERNANDO DAM

I 1: OW , rust .0,-gI II

5ampWAaa of *AIL 3/10/86



BORING LOCATION IL. !.IN ',. 5 1RNOELEVATON(NGVo ..... DATE START/FNISH ,,!'__ /Q,,,, S 1 0 5
INCNATlON Y, BEARING A TOTAL DEPTH tFTI '_ DRILLED BY .' t--- -TI/Co -

CASING ID Not u.d CORF SIZE NA GROUNDWATER EL D. R DATE_ LOGGED BY ' , P Dw- DATE P', 
G

.- Po 5 oF 9
EL DEPTH SAMPLE RtMARKS

TYPE LOWS PEN RIC SOIL AND ROCK DESCRIPTIONS

2, SIe.pvosAgoFT NO 6IN IN

2

S13 ' 24, S13 Se previous page

5

3

S54 . Z 24 SIA SANDY CLAY. @I. pl stic fines, %251 finz send, arregular[ stratification. blAcK1ih O.ioe iCL
Qp - 1.3 ts"
S- 0.72 caf

S15 5 2,,:. 1I
S8 1 SANDY CLAY, al. plastic fines, %25% very fine sand, stra-

tlfied, blacKish olive (CL)

SI6 SILTY CLAY, mod. plastic fine., %10% very fine sand.
5 18 1 24 24 stratified, blackish olive (CL)

6 Qp - 0.8. 1.3, 1.5 caf
S, - 0.53, 0.73, 0.75 tsf

59

2 S17-Top 231?2": SILTY CLAY. mod. plastic fine@, '10% very fine sand,
3

to Si, 24 stratified, blackish olive (CL)Qp - 1.3. 1.6 tof

Sv - 07.8 0.73 tme
Sot 1/2": SAND, narrowly iraded fine sind,.IO% nonpLstic fines,

olive brown (SP-SM)

6'

62 18, 24 15 Si8-Top 5" SANDY CLAY, II. plastic fine*, '25% fine @and, blackish
olive (CL)

-Sot ''3": ]LND, narrowly graded fine sand. %t nonplscic, b-o,
Sp)

63 S19-Top 5": SILTY CLAY, tod. plastic fines, %15% fine sand, stra-
7tfled dark olive brow (CL SOcc. pockecs And
lenses ot silE fine sand.

'eat "' ANDY SILT, non co sl. plastic fines,%35% fine sand, dark
olive brown ml) Occ. layers or siltV c V tO I/"
chick.

iS4 5 " 2,' mc "": iT Y SAND, narrowly graded fIne eand ,-2I' norl,,iestt ic
I %nc., "- med. to coar.e sane, olI ve brow, S-

al. f o,! SO .SA TVE 1

s1''~<feLLK~'CSASU I ciFVg( _ - S '.- ' N 17 "F
NO-c'.Ol. ' ~NO tcl )',Ltoir. corn y- 'I ,AN FEDNAN%( :A4

S tel.. ,.',n.*.,.ey



BORING LOCATION St- 4-5 23.4- GROJNO ELEVATON(NGVDL_ 1 OATE START/FINISilH I0
INCUNATION Verticak BEAF4 NA TOTAL DEPTH (FT.) $.70 ORILLED BY !-' --!c0S

CASING (0 t Used CORE SIZE- G.CRONOWATER EL. VR. DATE_:_ LOGGED 6Y _ . .JLDATEI/1f2.Aft PG 6 OF 9
E L D E P T H SA M P L E RI I M A R K S

TYPLj 18 P PEN IIFC SOIL AND ROCK OESCRIPTIONS

FT - NO 6 IN IN IN

0)

S20-TOp 5": SILTY SAND. narrowly traded fine sand. 115% non plastic
7 nes, 5 med. to coarse sand, olive brown (Sm)

S20 5 24 20 Sot 15": SANDY SILT-SILTY SAND, non to l., plastic fines, %SUI find
66 5 sand, blackish olive (ML-SM)

7

-67

S21-Top 17": SILTY CLAY. mod. plastic fines. '0% fine sand, stratifted
blackish olive (CL)

1 S
v

- 0.90. 0.90 tat
Q - '.50. 1.50 tsf

8 S2 Next 5": SANDY SILT, non to 91. plastic fines,'45% fine sand,
92' 6 24 24 bIackilh 01ite iML)

got 2" Simsilar c to 17

69

76 2 52 S22 SILTY SAND, narrowly graded fine send. %40% non to *I.
70 S22 2 plastic fines. blackish olive (SM) Entire 'ength Of

17 sample disturbed. liece or grave. In head 0 simpier.

71

S23-Top 5": SILTY SAND, narrowly graded fine sand 301 nonplaotic
6 fine@, very dark olive (SM)

72
- 23 9 24 9 Next 7": SILTY CLAY, mod. pLastic fines, '101 fine sand, stra-19 titMed, very dark olive (CL)

Next 2": SLTY SAND, narrowly graded fine sand, '20% nonplasti

finee, very dart olive (SM)
Next 2": SANDY CLAY, el. plastc fines, '35% fine sand, stratified,

73 very dark olive (CL)

Sot 3": SAND, narrowly graded fine sand. '51 nonpilatce fines, tan

(SP)

S24-Top )": SILTY CLAY. al. plastic fines. '301 fine sand, very dark

74 S24. 24 24 olive (CL)
8 got 19': SILTY CLAY. mod. plastic fines, 101 fine send. stratifled

very dark olive (CL)

S
v 

- 0.86, 0.91, 0.74 tof top to bottom
Qp . 1.6. 1.6. 1.3 tsf top to b tcon

7-

2 S25 SILTY CLAY, mod. plastic fines. %10% fine sand, etr*-
76 325 8 t4tl e fid, very dark olive

S2Sv - 0.56, 0.75, csf 'op co bttoreo
9p " 0.80, 1.60, t f top to bo~tom

526 SILTY CLAY, moo. plastic fInes, '0% very fine send, stta-
77 titled, dark olive (CL)

S
v 

- 0.74, 0.93, 0.93 tsf top to bottom

S26 24 24 - .90. 1.6, '.5 t.f top to bottom

4
5.05 Cm 5 *0.J awn *.-.-., ' ,l" o.0i NOTES

'" s I,= ".se .
":j *r"" L"'G°' 0'u 'A COPM! 9--* Sea Pos Iu ,-r,

.011010e5(MS

ee~sinaOye sicm"s.L -an o3 /~ ~arm85669



BOING LOCATO~ .s -:'GROND ELEVATION (NGVO)_ 111" DATE STAT/NISI 41125 ./LhJ2. S1I05
INCLNATI wcl BEARING 'N,.A TOTAL (Fl _____(_T) _ _70 DRIULD BY T - .,, kfstCo

CASING 10 got ue.d CORE SIZE NA GROUNDWATER EL DAT1E-- _- LOGGED BY j.p. I,",,.,DATE 911- 14/ pa 7 of 9

EL DEPTN SAMPLE hEMARKS

TYPE ILOWS PN REC SOIL AND ROCK DESCRIPTIONS
and PER"TT rT 'o SIN ININ

S261 3 24 24

79

2
80 S27 6 24 24 S27 SILTY CLAY, mod. piasetic fine@, '101 fine sand, sct-

11 titled, very dark olive (CL)
S, - 0.93. 0.91. 0.95 tic top to bottom

Qp - 1.7, 1.7. 1.7 tat top to bottom

--81

25
82 S28 8 24 13 S28 SILTY CLAY, nod. plastic fines. 10% very fine @and. stra-

9 tited, very dark olive (CL) Most of sample disturbed
from piece of gravel.

33

6 $29 SILTY CLAY, mod. plastic fine. 101, very fine sand.

86 9 stratified, very dark olive (CL) Sampie contained evitra

S29 11 24 24 irregular pockets and lenses of silty fine send.

S
v 

- 0.95. 0.95. 0.85 tf top to bottoe
Qp - .4, 2.0, '.8 tof top to bottom

85

4 S30-Top 4": SILTY CLAY. mod. plastic ftines, -lOt very fine sand, stra-
9 tifted, very dark olive (CL)

86 10 Next 6": SILTY SAND, narrowly graded fine sand, 135% nonplastic
S30 11 24 24 fines, very dark olive (SM)

Next 3": SILTY CLAY. similar to top 4" (CL)
Next 2": SILTY SAND. narrowly graded fine sand. 20% nonplastic

fines, very dark olive (SM)
7ot 9": SILTY CLAY, similar to top 4" (CL)

-87

531-Top 5": SILTY CLAY, moe. plastic fines. .10% very fine sand. stra-

4 tified, very dark olive (CL)

14 Next 1": SILTY SAND. narrowly graded fine sand, '25% nonplistic

88 S31 '2 24 22 fines, very dark olive (SM)
Next 2": SILTY CLAY, similar to top 5" (CL)
Next /" SILTY SAND, narrowly graded fine sand, '305 nonplastic

fines, very dark olive (SM)
Next 3': SILTY CLAY. similar to top 5" tCL)
Boc 4': SILTY SAND. stmiLar to cop 7" layer above, except olive

89 brown (SM)

6 S32-Top 17": SANDY SILT. non to s. plstic fines. S0% !no sand, olive

0 brown (ML)

.5 Not 2: S.LTY CLAY. mod, plastic fines, %10%, very fine sand.

stratifled, oItvs brown (CL)

91

YLO1I(SIO -0cs2eWl:,oO)O Tooft,ya0o NOTES

Woy 'L G. c'um O,-Fe* eeTH

• o -IrIc O COtI >0, /:.Lr~oQ h % AE-EVALUAT:ON CF TF SE N THE
I slut $OO. I, '.'E SAN F'1-NANDO DAM

.1o- oE. tll ,Y orn(WoJI "Je 10. 0,3 10o .1V6

0jtdA QUe~rr56



BORING LOCATION S, 9,.1 GROUND ELEVAIONINGVOL . DATE START/FINISH 9121 S I 05
NCUNATION ._ BEARING TOTAL DEPTH (F') i17.0 DRILLED BY S. 1.1s/Co[

CASING ID Kq uled CORE SIZE 4A GROUNOWATER EL. .- DATE__.__ LOGGED BY ES ,rk/n. DATIE 2 - 5 PG 8 OF 9

1 L DEPTH IAMPLE REMARKS

TYPE ILO PEJRt1 SOIL AND ROCK DESCRIPTIONS

FT rP NO J N IN, IN

S33 SILTY CLAY, mod. plastic fines., 5% very fine land, stra-
4 tifled dark brown (CL) Ccc. irregular pockets and lenses

333 6 24 23 of silty fine sand.
92 9 S, - 1.0, 1.0 Csf top co botcom

13 QP - 1.5. 1.8 rat top to bottom

93

94 S 6 24 8 $34 SILTY CLAY, mod. plastic fines, 'I0% very fine land. stre-

11 cfed, dark brown iCL)

95

7 S35-Top 3" SILTY CLAY. mod. plastic fines, '10t very fine sand. ars-

96 6 titled, dark brown (CL)
S35 24 24 Sext 4": SILTY SAND. narro)v araded ftine sand, 140% non to al.

plastic fines, dark olive brown (SM)
Sot 7": SILTY CLAY, mod. plastic tine,. %)0% very tine land, :tra-

tified, dark brown (CL) Occ. rreguisr pocKete and 1en-
oes of silty find land.

97S v ., O-.. 0.6 tsr cop to bocto
Q7 - 2.0. 1. tf top to bottom

S36 7 24 24 S36 SILTY CLAY, Mod. plastic fines, %'0% very tine sand, Etra-
98 9 ttfied, A'ark brown (CL) occ. irra.iar oocaCet .nd len-

10 ses of silty fine sand.

Lower balf of sample contained a ."-thick liyter of SILTY
FINE SAND with '0% nonplastic flneo.e M)

99

- S37 SILTY CLAY, mod. plastic fines, ilt very line land, sera-
- On S37 24 24 titied, dark brown 'C2) Several irreguiar pocier. and

20 2Lenasl or silty fine sand.
Qp - 1.6 , 1.6 cof

S38 SILTY CLAY. mod. plastic tines. s10t very fine sand, stra-
ttfifed. dark brown (CL)

"0 S 102a2 S, - '.95 t~f

S3F - 24 4.

i- Sample conrat'ned two 2- -thick Layers or t. * too he[ Iand

- r 5 e f -s-

N>5' Cl-, "". .cf.'

-t ros

.9 Moo Oatl 3/10!86
*~. alon' a' 5 6xr 869



B O R I N G L O C A IO . ., . .' .' s G O U D E L E V A T O N( N O V D ' 1 4 . , D A T E s T A R T / N I s " " ' "- --I S 1 0 5
INCLENATION Y-t BARING NA TO7L DEPTH (FT) 'IYD.I SLE BY -L Y t, V~S(COf

CASING ID Not u,,, CORE SIZE A..,.GROUNDWATER EL... .-4.L DATE - LOGGED BY.LL . Urkns, DATIE '-112 P4 9 OF 9

1l. DEPTH SAMPLE REMARKS

TYPE lDONS PENIREC SOIL AND ROCK DESCRIPTIONS
/ePE I

FT PT .Q1- NI I

5 S39 Sv - .O . tst9 Qp - 1.7' cof

S39 9 24 Z4,
.0 Sample contained two 2*-thick layers of SILTY SAND, ui-

i05 form fine sand, %30% ronplastic fines, dark trown (SM)
..ayers wore located at middle of sample.

SS440 SILTY CLAY, .od. plaltic fines, ,.10I very fine sand, stra-20 2 tifled, dark brown (CL). Ocr. lenses ot ilty fne sand.
'2 S

v  
- .0 ca

p -2 .1 , 2 .3 , 2 . . t at

'27

* 3 .. S.! SILTY CLAY, moO. plastic fin . ' 01 very fine sand. t&ra-

tifted. very dark brown (CL) Samsple containea a 3'-ahick
layer of t'cY tne sand at middle or sampie.

5v - )3 ti
Qp - 2.1, 2.2, 2.4 t9f

S2-Top t SILTY CLAY, similar to S41 (CL)

Aproxliate Interface - Hydraulic F!11

h Alluvium

110 S42 24 Bo 18" z:LTY SAND, narrouly graded fine sand., %-40 nonplasticr 7 f nes, 1 .0 med. co coarse sand, black (SM)

I 

r

.........................7YANC a or r iw i V rA od f ~e asA c,AItIC

'A! -

r-" ' ? 2 2-.'q : - ::.Tf I. __rr __v_____d__'______,__________llt



BORING LOCAT1ON 112-~ i'. GROUND ELEVATION(NGVDI 1225- DATE STR/"NS92013 /U&L S r
INCINATION V.IELcr. BEARING N...A. TOTAL EM (FT.) 104.0 DRILLED BY. Franx Stewart WES;o,
CASING ID 1o* 111d CORE SIZE _... GROUNDWATER EL.____ DATE - LOGGED BY I at Pea DATEuI-2- Ij PG I OF 8

EL DEPTH SAMPLE REMARKS

SBLOWS PEN RC SOIL AND ROCK DESCRIPTIONS
Tad PER11 FT TNY al 6 ,IN INi. IN.

109 , I u

advanced

t!hdard

1 Sr 15 24 3 h i SI SILTY CLAY. Il. plastic fines, 3.0% sid. to fine mnd, brov'n (CL)
14 1 rtchnLqu..

ath .

drilling
_ud.

Clesned o ti
-2 b o r o .l

11th
tLhi h
bMt "Itn

i Je-ttnl.-3

4

5
7

6 32 10 "4 17
14 S2 - SANDY CLAY, al. plastic fine*. 115% fine sand. brovn (CL)

Occ. irregular pockets of silty fine send.

r-7

8

9

10

6

S3 - Stmlar to S2 (CL)

-12

-W, I.I N'o ro 5n I 0,MO00 0 NOTEI

3-U 1" .c ~.ed ireo -.o., SAN FRNANDO-AM
..0ITI0 ccure relons

'.t - 9'
0- Ont.As .8f

V~669



BORING LOCATION -s.n i 1"q GROUND ELEVATO (NGVOL ^.1.~.,..... DATE START/FINISH 4120122 /mi~aei Sil
iNCLINAr4N v"LeL BEARNG mA TOTAL DEPTH (FT) i04.0 DRILLED BY F. star"t. .ISICOE

CASING ID.. ., __CORE SIZE_.%LGROUNDWATER EL. ns 3 DATE . LOGGED BY J.L Perkin, DAT19120-
2
4

18  PG. 2 of 8
EL DEPTH SAMPLE 'REMARKS

T I SOIL AND ROCK DESCRIPTIONS

FT FT INI IN

--14

-15

76 5 24 S4. SAND, narrrowly graded fine sand, %101 nonplascic fine@.S4 5 24 dark brown (SP-SM)
8

17

18

19

Approximate Interface - Rolled Fill
--20 Hydraulic Fill

7

S5 9 24 19 5 SAND, narrowly graded med. to fine sand, %5% nonpiastic
21 14 fines, brown (SP) Sample contained a I"-dhick layer of

'6 scracified silcy clay.

22

6
96 6 24 10

-2) S6- Top 5- SILTY SAND, narrovLv graded fine sand '201 nonplastic
I 'tree, JarK otive brown SM)

Next -" .LTY CLAY, straified 1.'L)

l Ot .' SAND. w delY Rraded coarse to fine mend. %10% nonpiastic

'Ine*. brown (Sd-SM)

24

S7 *2 24 15 S7 -AND. narrowly graded med. to fine sand. noscln med., %10%
-a8 .ore sand. (5t nonplascic fines, brown (SP 8ottom of
7 iample con ained a I 'ticK Laer o0 grav, strattied

tfne .ad.

' W'$*I* dotJ ,wantR I,..G 10 'OOnaZoa0 oNOTES

tA-t W an C.D.3 ) ,1- ,I cgflo CO D % .. S.. . ..... E

O IO'/-Wlg Sa 't OONf(
S 5KIgS IUL5 AS V -A-

sao .,T ~t 3,,'0/86
eeo~~nma~~se 06-~ ~ ~b



BORING LOCATION 1"4, GROUND ELEVATNNGVO)19tiLL. DATE START/ FNI SI 2'L S I
:NCUNATION-ver"c BEARING NA TOTA EPTH (F7) Dd RILLED BY ~ .5-

CASING ID .CORE SIZE 'A GROUNDWATER EL _____DATE ____CGGED BY CATE* PG 3_OF_8

EL. DEPTH SAMPLE A EMARKS

ITYPE eBLOWS PEN REC 
SIANROKCCIPOS

4a4 PE RF~ NO 6,N IN IN

II5 S8 Tcp 9" SAND, widetv grat.ed coarse cc fine sand.l Aae i' to

27 S8 24 15 '2', ''11 nonpaasric .ine.. !.-own -%. -
L i~~~ext 3 SILTY SAND, rars ra.oc !' - and. ~ I~.~i

28 ~~ fine..,,ait :ark OiL~e ra'y

F 7
F 6 S 9 StL7Y SAND. lljelv Rraded "tarse to ft' a. '35H ~ 1 2, 89D~ V.2 Sno., ot- -lnS a o ta.nea a -tItr

L N .~~aysr of strartiued Llty tine 1-cd. ampe - .atd~
L gravel,.

S'S-Ton SAND, narro.4y graded ied. to fine nd '- n lonp.ti
file$. - -le as.sad. ,tat llt, e Dron -aS

SO 24 In Section con-.aineo a ",-tick laver ttrau~,,.tv

Nest I- cSwdvRaz.ed cQort tenc 1-nLai

Ynt 3. SLTY SAND. na-r.l1 rae fin. sno, '-51 er..ic

S n~ AcoOt rw

~32

3 -.09 0 AND. .cely graced coarse c, fine s.' o 8<k 3 Sfl12 24 6 Ite, sray and 5 rcw 4 - M,
h''Next 2 - TRTIFIED SASDY CLAY CL)

er61 ',AND, widely gracec coarse to find sand, nonplastic

tlts, Drawn 54)

34

K SS
1
2-Ton ' SILTY SAD. rarrowLy gradled tne @and. ~>Inanotartc

3S sv <. I !nec. qoattd :.rw alto. grsv -cC ,;-( atned

r uined nr e ae r. fine aanO v:, 31 !a er

3
t 1 AN, wieoeatd tir. to z. Ied nav te o. )-'7

37 S13 . 24 S1, 1 A.D, widein grddcArle t, ftc. -It .. oti

aver, az str d sandy 5

- Ll

*i a'. Vafo- CL.E3 > a '.1.5T co %

3Sfo,e5 "r -51

*000*aC* I aC5,waDartCS 3, 'S 8P J



BORING LOCATION 3" 5.35, !32'1 G ROUNDELEVATON( NOVO1 .195-L DATE START/FIM4~9/20 .,../9/24155 Sill
INCINAO V-i-i BEARIN ,TOTAL DEPTh (FT) !04.0 DRILLED By F. siesrt, aFsICor-

CASING 10 '4 - CORE SI ZE. ... GROUNDWATER EL...ERi..... DATE _ __LOGGED BY PZ.Lk±DLDAT8I1fl.M.,.f, PO 4 OF 8

EL DEPTh S A kP LE REMAN

TYPE EILOWS PEN I EC SOIL AND ROCX OCSCRIPTJONS
and P ERI

FT FT' NO 6 IN IPN IN

'2 NIot I-0": SAN widely i graded as t in sand. %201 nonpasic
60 ~~~~~~~~~~fines, brown I.SM) Seto cotndto - yrs f

Bandy silt

10 S15-Top 4": SAND. widely graded coarse to fine sand, '10% gravel up
A 3/8", -1I0% nonplastic fine*. brown (514-SM)

41 SlO 24 13 Next 6' SILTY SAND, narrowly graded fine sand. '20% nonplastic
11 tines, dark olive (SM) Section contained one 'a2-thick

layer of coarse to fine sand.

Bot 6": SILTY SAND. similar to top 4". (SW-SM)

42I
6

43 S16 24 20 016-Top 14": SILTY SAND. narrowly graded fine sand. %25% nonpiastic

fi--s, dark olive (SM) Section contained three 2--thi.ck
b l4yers of coarse to fine sand located at top. middle and

battom of section.
Bot 6"; SANDY SILT, mi. plastic fines. -0%l fine sand, stratified.

dark olive (ML)

44

14 S17-Top 5" : SANDY SILT. si. plastic fines, '50! fine sand, stratified.
10 dark olive (ML-SM) Oct. thin layers of silty

Ne17 24- S7AN6" widely Araded coarsea to fine sand. (5! nonPL..czt:
fines , br own ( S W) S ecton containe one 112-thick l ayer

o f silty fine ssnd.
Bot 6": SAND, narrowly graded fine sand. %101 ionpiastic fines.

46 10% med. sand. browrn (SF-SM)

S18 STRATIFIED SANDY CLAY, SILTY SAND and SANDY SILT. (top to
18 10 bottom) S;rsdual transition from sandy clay to silty sand.

47 S8 b 24 16 Descriptions of each iayer ar, as follows:
8 SANDY CLAY a1. plastic fines. %20% fine sand, stratified.

0srk olive (CL)
SILTY SAND, narrowly graded fine sand. '40% nonplastIc
fines, dark olive iSM)
SANDY SILT, non to s1. plastic flnes. '40t fine sand, dark

48 olive IML)

10S19 Top 3": SANDY S11L'1, al. plastic fine@, %30% fine sand, stratified,
'2 dark olive (ML)

49 Rot !2" AND, widely kraded coerse to fine send. ostly med.
51 2' 11 -0% nonplastic lines, brown 0'W-'M'

S20 
T
oy 5": SANDY SIL'T, si. plastic flnes, %35% fine send, strs-

tifled, lsrk olive (ML)
a;'et 2"' AND), iirCIY raded coarse to tine sad. -'>31 nooylastic-2 l1es brown tDW-SM)

51n 1.. - Iilsr o Ioo 5" '4,)
-c - AN;'D, -arowtv graoea fine sadnO-sl nonplastic flnes.

- -ai<-~ SAND IIIer -,-oeS.'

f% ~ ~ ~ ~ ~ 1 NOTES' S'L. Ca Co!

.1, -T C-- - -N ND A

j1st 5-';IN

:.o.Sr,3/ ?"M



BORING LOCATION -. N-15 11' GROUND ELEVATON(NGVDL.1L....... DATE START/FINISNJ 4/L.i±-= S ill
INCUNATION VertisIa BEARING TOTAL DEPTH (FT1 i04.0 ORILLO BY P. W,, rCOF

CASING 10 x-, -- CORE SIZE ..-- i __.GROUNDWATER EL D5* OATE.... LOGGED BY ,, PIkt., 0AT"Lj PG. 5 OF 8
EL DEPtH SAMPLE R EMARKS

IL IDEPM SAPLE 8 EMRKITYPESLOS I EN EC'SOIL AND ROCK DESCRIPTIONS
on4 PER

FT .T Na 61IN6 IN. IN

S 2 - T o p " 4 - : SA N D Y S I LT , a. p la s i c rin e s f 0 % san e sa n d , si tr t if ie d .
dirkon decrlnd o rk brown nL) d a

3 Nex~t 5". SAN D, 'wt~i gr d ed co re O to e sand, 1 ;0%[ fine gravel,

1- 1 Ot nonpilt c fdne., brown (W-SM)

53 S21 7. 24 18 Next 3": SILTY SAND, narrowly graded fine send. 2U% nonpilstic
N.r_ :Inel, darktbrown and dark gray (SM)

N S= I' SMt i ,o top 4" (ML)

BoL 2": Smilar to SAND above (S-SM)

56

7

2 S22-Top 3": SAND, wdely graded coare to fine sand. moaly med.s10d.
5 nonpastc fines. brown kSS-SS)S55 22 1. 18 ext 5" SANDY S ILT .s9 . p Las t c fne, 145%S f ne sand at op of

:ecton ecreasng o "20% fne and at botcom Ot ecton,

C scr tL ted, brown ( ML)

BOt 10": SI LTY SAND, narrowiy graled fine siftd. %-t0 nonplsa=ttc

fLnes . br-own I sp-SM) Section contaLned co It2"-Chtik layers

56 fno.rl . O a t in ad.

58

10
13

59 S24 18 24 15 S24 SAND. narrowly graded mod, to fine sand. mostLy fine,'l10

16 nonplajstcl ins, brown ISP-SM) Sample contained two
1,2" -h ck layer. Df coarse to fin, and.

60

8 S25-Top 7": SAND. narrowly graded med. to fine sand. '201 coarse sand
S3 and fne gravel, (5 nonplastic fines. brown (SP)

61 S25 12 214 15 Sot 8": SANDY SILT. non-plastlc, - 40% fine sand sand. scr ttfled,

11 brown olite kM.)

62

11

-63 S26 20 18 S26 SAND, narrowly graded med. to tine sand, mostly fine,1l0
20 24 nonplascic fines, brown iSP-Sm)

64 S27 SILTY SAND. narrowly graded med. to fine eand. '201

13 nonpiasiLc lines, brown iSm)

s27 15 24 17
20
25

e9.o-s -(si.4~ -5-01A .,s~nnw sos NOTES
51" .' S .. If-PA

:( c 'fk 'S"O LL40T. 00 umpus -~ A e e Page ..
M 5,: O, I.o'CO >4 ./U, WN Aopo tE-EVALUAT: N OF 'uA S'ICE :4 -HE

s p)u t OtO L , ER SAN F NANDC A'

o sTI-EoA0

@WYaOp.w" rAY 3 /10/86



BORING LOCATION Ste 5.35 1 32-3 GROUND ELEVATION(NGV01 ......... 1021J. DATE STR T/FINIS4 9105 S ill
INCLNATION 4±L 1 L B.EARNG NA TOTAL DEPTH (FT) , 04.0 DRILLED BY T. ste-ort_ WFSICO

CASING 1m-. . CORE SIZE GROUNDWATER EL. D... DATE . LOGGED BY-Li-L..iu.DATE L Po. 6 OF 8

EL DEPTH SAMPLENREE 
SOIL AND ROC DECRIPTIONS..7. FIE-. o. . ,.,.

FT __ ___ 6_0 1_ 
_ ___ _

s27 20 24 17 S27 Ste previous page.
25

(-66

6l S8 i2 24 8 S28 SILTY SAND, narroVy graded fine @and 1301 nonplastic
:0 fines. browrn and olLve gray (SM)
"6

-68

S22 .99-Top 8": SAND, wide.y graded coars co fine sand. 10% gravel up to

z 11". %' 10 nonplasti.c fines, brown (SW-Sm)F 6 9 S?9 23 24 14 SOC 6" Freshly broken weacthered gravel

'7

70

16

71 S30 24 15 S30 SAND. widely graded coarse to fine sand, 110% gravel up to

16 1/2", l10 nonplastic fines, brown ( W-SM)

A S31-Top S" SANDY SILT. 01. plastic fines, 150% fine sand. olive

brown (ML-SP)
73 S31 '3 24 14 Bot 9" SILTY SAND, narrowly graded med. to fine send. '20%

?2 nonplastic fines, lOZ coarse sand, brown (SM)

74

S32 24 76 S32-Top !1": SILTY SAND. narrowly graded fine sand. 1401 nonpilatic

- fines, brown (SN)
7n " SAND. narrow1v graded fine sand, .'0% 'ej. sand, %0

-onplaetic f~nes. brown tSP-.SM

76

7 532 24 14 S33 SAND, narrowly graded. med. to fine sand, '301 nonpiascic

•,nes. br..n SP-sM)

-G 0 In -cr 4 0,, O

"aC-Mn .lfnnn ,I0 n .nu .ir Pge . VA1-ATCN CF 9"tE S' :7S :N 7H
too tt " OF 1"N l )a" >4 %/e[fl Conto % 'RAN. 

0
-ANDC AM1

~~ "'' .S le nencrised In-tcotory.

0 A1'!CKG ,nQa

eeooeneve. /~ ~ ot,3,' '0/86



IBORING LOCATION ~ .~W' GROUND ELEVATON (NGVD) !09i.1 DATE STARTFNIS92015 L '4P S ill
INCLINATION verriCAL BEARING NA TOTAL DEPTH (FT.) '04,0 DRILLED BY ... ,

CASING I0 Not u1*4 CORE SIZE N4 GROUNDWATER EL. N_ DATE LOGGED BY.R r-k , DATE 'n s-1 PG 7 OF 8

EL DEPTH SAMPLE REMARKS

TYPE BLOWS PEN REC SOIL AND ROCK DESCRIPTIONS

.FT FT NOL 1, ,N.]N

S34-Top 4": SILTY SAND, narrowly graded fine sand. '35% $l. plastic

2 fines, dark olive brown (SM)

134 1 24 19 Sot 5": SAND. narrowly graded med to fine sand. 5% nonplastic

16 fines, brown (SF)

-80

6 2)
S35 8 24 18 S35 SILTY SAND, narrowly graded med to fine sand. 440% nonplastic

81 13 fines. brown (SP-SM) Samoe contained one 3"-thicx layer and

12 on, lV'-thick layer of s1. plastic sandy silt.

82

4 2)

8 S36 6 24 19 536 SILTY SAND, widely graded coarse to fine sand, mostlyF 8] g

12 fins, 150% nonplastic fines, brown (SM)

82

12 2)

85 S37 9 24 20 S37 SAND, widely graded oarse to fine snd, .4OE nonpisetLc
10 fines, dark brown (SM)

86

5 S38-Top 6": SILTY SAND, widely graded coarse to fine sand, '20% nonplastic

8 7 fin-. - 107 6;... up ", brown (SM)
-87 $3 1 t Sext 7" SLLY bAND, narrowly graded fine sand, %30% nonplastic

10 flnea.s15% med. sand, brown (SM)
Sot 6": SANDY SILT, $I. plastic fines. '40% fine sand, dark olive

brown (ML)

S39-Top 6": SILTY CLAY. mod, plastic fins, %101 very fins sand scra-

88 tifted. dark gray and dark brown (CL)
Qp - 2.3, 2.5, 2.8 tef

Approximate Interface - Hydraulic Fill

-- - A 9 lu 2u i
1?789 S39 33 24 19 iec 8": SANDY CLAY, al. plastic fines. 302 coarse to fine sand.

:6 blackish tray (CL)

t 5": GRAVELLY SANO widely traded coare tO fine sand, 515
gravel up co ", 5 nonplastic fines, dart xhV SW)

90
S40-Top 7": GRAVELLY SAND, widely graded coarse to fine sand, .20%

RraveL up to 3/ *.' 5% nonpiaoeic fines, o'tve nd)

S40 - ) '5 hoC 9" ;ANDY Shl.T, s'. plastic tines, '351 fine sand. l5Z ed.

- ano. black (ML)

50 *e a c w. 3o a.. so" o, aao, NOTES
S.?f se , _e' P....

ift1T S, O ,s/,IcOsO. . )O4ne escrlbed In -hEI SAN FIFNAN-- N

i ... o ,,/or6

-'In .'5'0 '0 EM"~
o5151e A al

~ ".' o~ars8 669



BORING LOCATION 'I- 5.172 '2GR04JND ELEVATON (NGVOL :5.... DATE START/FINS912 Z./ SI
INCNATON. 1..&8BEARING TOTAL DEPTH (FT) '. DRILLED BY F .... .. c

CASING 10 - us" CORE SIZE GROUNOWATER EL. DATE - LOGGED BYI P r ,Is DATE I PG 8 OF 8

EL OpTrm SAWPLC WE'MARKS

TYPEI kOWSI PINI REC SOIL ANO ROCK DESCRIPTIONS

FT FT No IN .N IN

91
18

S40 20 24 15

20

92

6 S41 Top 12": SILTY SAND, narrowly Araded fine sand, ^k-01 5L. Plastic
fines, 5% sea. sand, black (SM)

93 S41 15 2. 24 30 12": SANDY CLAY, mea. plastiC fines, '25% very fine sane. tlack
17 (CL) Several smalL pockets of gray silty sand.

94

3 S42 SANDY CLAY. s'. co mod. plastic fines. fi1 (ne sand, "5%

95 42 24 124 Med. sand, black (CL) Severai SmOLI pOCKeES O gray silty
fine sand.

--96

6

97 S43 8 24 17 S43 aANDY CLAY. ii. to mod. plastic fines. -l sea. Ed 1no

26 sand. mostly fine. Olive gray (CL) Sand conrent decreases
and plasticity increases wth depth.

98

8

11 20 S44 SILTY SAND, -arroakv graded fine sand, '-.-1 nor, to 51.
-99 2 3 plastic tines, rown and olive gray i.SM) Fine- content

27 decresas w1tt depth of sample.

100

26 S45-Top 8" SI.TY SAND. narrowv traoed fine sand, 3-50- nonpasic
fines, olive gray ,iM)

10' sot 9", OILTY SAND. narrovas graded fine sand, 20% nonpias lic
S4 5-inea, o.ive rrn O r

'02

S46-Top 8- LAN D. narrowl, graced rea. t :"re Sanrr, "- nOnp01EiC

we, irn -r -Lcion, Contafld - ;Ce :2:rsnlv

03 S46 24 i 7oe.3 rrc 1 ,oen grave ,

Sot " ',ND. aoetly arajed coarse to tL- Son -, -,,% nonpiaOtiC
tines, -.: K, gi ,.,ek Cc :o , Ztown A-

-^. rtton o'- - roe - -.0' t

NOTES

n os '5 .( ' a -J. ' 4 a1 i,
5 !fleSri'O' e .e rage %-, .::~

00 ,a"Vnecc~, 5n..o.cmcN



BORING LOCATION Ste 16-35, 54-C04 GROUND ELEVAION(NGVOi DATE START/FINISH 1' /- - U1I0 2
NCLINATION Vertical BEARING N4 TOTAL DEPTH (FT) D. IRILLED BY Se... t.

CASING 10 , i.-,-- CORE SIZE .. ,iu GROUNDWATER ELL DATE . LOGGED BY I.R.PErn, DATE ' PG I OF 2
EL DEPTH SAMPLE REMARKS

EPE 18iLDWOsIPEI RIC SOIL AND ROCK DESCRIPTIONS
FT I-1 PER " I I

101

15

3530

3550

-F a

~,rs ;':'::''.;'~fI .t4



BORING LOCATION st. 16-35. 54.0-m GROUNOELEVATION(NGVD .* DATE START/FINISM 10)8/85 / -2-~ U 10 2
INCINATION Vertics! BEARING 4A TOTAL DEPT4 (FT) 0. I DRILLED BY P s- .- rscoc

CASING 10 Not u.±..ed CORE SIZE .A GROUNDWATER EL. N ' DATE. __. LOGGED BY _2. I2.o -. DATE : '8 PG 2 OF2

EL DEPTE SAMPLE RIEMARKS

TYPE SOWS N NEC SOIL AND ROCK DESCRIPTIONS

1049, N 'r__"_______ F3 previous page.

UFA PUSm bI., 0.6 UF4 - Bottom Tr'-ie ngs, (CL).

U75 PUSH t .o59.9 UF5 - Bottom Trlmoings. tML-SM)
70

Bottom of Borehole - 70.0'

I-



BOIGLOCATION St 9.0 13.' G3ROUJND ELEVATION(NGVOI 1. DATE START/FlNISN U 1 0 3
NCLINATION v x..i.... BEARING ___TOTAL DEPTH (FT) -6.0 -DRILLED BY S,.... . ESIC'fl

CASING ID--olu~ CORE SIZE..GROUNDWATER EL .IlL DATE . LOGGED BY OA P IE-I. DATE PG OF

EL 0EPrH SAPE REMARKS

i....... NO 6 N CM CM

1 0

I-50

~60I

65

in 31st * .2 f7 -F Botl Tringf, S w).

072 PUSH 116.9 35 272 -Bottom Tri~ffltgs, 51)-

U?3~~ ~ ~ ~ PUH$. R. F ottom -rimiflRS.

: 2 '15-Sot.t ns' PU37IY0 2D 39.3 UF4 B ottom Tri mi~gj. fSP-SWJ.

UT3~~9ttn ol JctA51 8.t-Ti in S)

~ *ro.orf N' ; 2 re;hale

- -d '



BORING LOCATION St' 9.30'3 's GROUND ELEVATION(NGVDI 2' DATE START/FNIS /-'./7fB; U10 4

CAS:NG ID N"c ul-d CORE SIZE 4A GROUNDWATER EL ' DATE LOGGED BY j.w. Prkt,*, DATE'E ''--I PG, i Or 2

EL OEPTH SAMPLE h EMARKS

TYPE BLOWS PEN EC SOIL ANO ROCK OESCRIPTIONS

EIi I P__ IIr 7! No 6 IN CM CM

10

50

55

60

55

url PUSH 6.. 60. UFI - Bottom Trimmings, (CL-ML).
-- 0

..572 PtSH 60.7 60.1 'F2 - Bottom Trimmings, (CL).

75 U t] = 0.7 59.6 -F3 Bottom Trimmings, 
(CL).

- 75

- J4 PUSH I51.C O.1 UF4 - Bottom Trimmings, (CL).

80

15 P"l' £0.2 57.4 UF5 - Bottom Trimmings, (SP).

'.76 PUoS 'o.2 '8.7 UF6 - Bottom Trimmings, :SP).

T sH 15.9 1, . '-'F 7 - o tom 'r m 'mI g s . S r .

79 17 ALS . 58 - '.ottom TrtAmtngI, I''P.

--5 9 7C., R'.

-~ ~~~~ AA" 1O 1CVAP ,., 4- A r5;t'++ s • .. .i- • e' or..te dr'. i'g -.d.

Coe t-roev''a I 0 lf~A.NiO it 4~



BORING LOCATION L,. . ,,,S GROUND ELEVATON v NGVO_ __ DATE START/FINISH 0 / 5/ U 0 4
NCUNATION BEARING N!A ._TOTAL DEPTH (FT) i5.0 DRILE BY F Stew.rt .7SCot

CASING ID SOL uied CORE SIZE '- GROUNDWATER EL D,_" OATE LOGGED BY .. Pertn DATE - PG 2 OF 2

EL OEPTo SAMPLE REMARKS

TYPE BL S PEN REC 
SOIL AND ROCK DESCRIPTIONS

God PERS MC1RMRSFT K 4O 6 N CM CM

10 UO PUSK 59.8 9.6 UF10 - Bottom Trimmings, (SM).

SF)) PSH .3.'. 1.2 UIFll - Bottom Trimmings, (SM).

110 UF2 'SH 2,.6 ' .9 UF12 - Bottom Trimmings, (SW).

U713 PUSH 57.6 56.0 UF13 - Bottom Trimmings, (SM).

U. PUSH 'C.5 ., UF14 - Bottom Tritng s,'L-Ct).

h" Bottom of Borehole - '5.0

F '20

Wt
M... -r.'

-- ~~~ 9. 'at



BORING LOCATION St. 9.10. 23.4'S GROUND ELEVATION (NGVDL !.12L. GATE START/FINISM 10I&ISS /L1885 IU 10 5
INCUNATION varctcl GEARING FA TOTAL DEPTH (FT) 110.O DRILLED BY F. St*.,*t. -ES/COt

CASING 1 Not .. ,d CORE SIZE VA GROUNOWATER EL 4.i) DATE..... LOGGED BY J. lt. ?Perkn DATE 116815 PG I OF 2

EL DEPTH S AMPLE 0 EMARKSr

TYPE T8L0;S PTNR I.C SOIL AND ROCK DESCRIPTIONS

I ° oeG PER I

Fi" f ANO I 6N V M

-4 1

5

20

25

30

3" 5

4 0

-(.5

so P'- 2.1 - Hotto TrimmI gs, (CL.

"S2 .s iX . UF2 - Bo ttom T t'I n ,,

55

*.... I' j P jsijjj . .... 'F- ?ou, t >1r-1,8Z, .P

" "o e FRlN ' "IC -A-

wlp, l IA, '., C#Sy,,orr, L ot.N "Q 0 NOEscNlu

S 5< 5'~S4 A~MO L .. rn r,,

~1.45, .2 flO'~ ?.'rno~'2d " t '2r~a'r



BORING LOCATION St- 9.10, 23.4' GROUND ELEVATON (NGVDl O ATE START/FINISH ~ -*~~ U 10 5
INCLNATIOI Verticai BEARING NA TOTAL DEPTH (FT) !00.0 DRILLED BY . S*,rt. WESICOE

CASING 10 lot ustd CORE SIZE NA GROUNDWATER EL qw DATE . LOGGED BY I DATE 2 OF 2
-L DEPTH SAMPLE REMARKS

L T PE BLOWS PEN REC 1 SOIL AND KOCK DESCRIPTIONS
0.4 PER

FT FT NQ BrN ' C C.__

1049. '5 U PUS 61.2 60.5 1JF4 -Bottom Trimi~wngs. (CL).

UPS PUSH 60.6 59.9

70 0, PUSH 61.260.4. U17
, 

- Bottom Trimmings, (SP).

75

u17 PUSH 62.6 61.2 17 - Bottom Trimmings, (CL).

Jr6 PUSH 6.8 15.9 UF8 - Bottom Trimmings, (CL).

80

85

UM9 PUSH 59.6 5.4. U17 - Bottom Trimmings, (SM-S).

go 810 PUSH 62.1 60.8 UF10 - Bottom Trimmings. (SP).

u71 I PUSH 59.6 59.0 U011 Bottom Trimmings, (CL).

95 U,12 PUSH 61.059.18 UF12 - Bottom Trimmings. (CL).

UPI3 PUS 60.9 59.8 UF13 - Bottom Tritings. (CL).

100 . Pu1 60.4 59. 7 UF14 - Bottom Trimming, (ML).

Botto, of borehole - 100.0'

-.- --... .. ........



BORING LOCATION St. 5.AO )2.0, GROUNOELEVATIOINGVD) 'DATE START/FIN , , '"" /O"s Ui

INCINATION '.'tical BEARING NA 70TAL DEPT (FT) OR._ ___RILL ED BY I .r,. .r1"0!

CA.SING 1O N0t Ged CORE SIZE NA GROUNDWATER EL. ' DATE LOGGED BY Y. -i- DATE G OF 2
EL DEPTH SAMPLE J kEMARXSB LOWS PEITRC SOIL AND ROC6 DESCRIPTIONS

TYP SOILENAEand PER

60 " , .

10

20
25 Udl PSH 0.0 53.3 UFI - Bottom Trimmings, (SM).

UP) PUSH 1i11.4 52.0 UF2 - Bottom Trimmings, (SW).

30

--35

40

45

UT3 PUSH 63.1 6.3 UF3 - Bottom Tr lmmings, (SW-SP).
-50

'uF4 PUSH 11. A0.: 60; - 8oitom Tri-nings, SL-:L).

U?5 PUSH 11 0.6 59.9 VFI - Bottom Trimmtngs, (SW).

- 5 U1 PUSH 5.4 . . I liF6 - Bottom Trimmtn s, (SP).

7 "S 3..., 127 - Bottom Trinmtngs. ,SW).

U" 'UsIl ,'5.! 35., LF8 - bottom Trimmings, ISP).
--60

IjP P0S1 9.- 'ottm 71nmings, (SP) trinmed tc

JFI P SH 1.2 1. -lotto i . SP).

F5 1113 -S"4 I11.. .34. ''FIT- ~ 3-Ine

S'l -N. 1*0u~~ COPE 9-14L
*fI . I, JNGT Of SAuA1P,'-zI~..fA:

4OJf5PD SLU0! NO,- e

., ,-r14n '' . ,-l - h • ' -. '. r , p '



BORING LOCATION 3-. - .A's GROUND ELEVAT1ON(NGVDI !025.1 DAlE START/FINISH "'- ,/ ;:.'s U I I I
INCLINATION verciclI BEARING NA TOTAL OEPTh (FT) 08.5 DRILLED By F. S.yr=, WT[SICOE

CASING ID Met ule= CORE SIZE 4A GROUNDWATER EL. '~ DATE - LOGGED BY Lt5 P-r2t, DATEIO2/31 PG.2 OF2

.L OEPTH SAflPLC R ElMA RK SI

TYPE BLOWSi" EN C SOIL ANO ROCX DESCRIPTIONS

and IPER I ll
FT -- NQ 6 IN. CM Cu

1030.1 h5 I Ptwil s 5o.2 4 .9 UFI1 - See previous page.
15Z PUSH 56.4S4.2 F12 1.Bottom Trimigs. (SP).

16 PUSH .2.) 41.3 UF13 - Bottom Trtmangs, (SP).0 T = L . . . UF 14 Di0 d no t ave .

• VIS PUSH 52. 0 UF15 - Bottom Trimtnlng. (SP).

UF:: PUSII 40.5 9.6 UF16 - Bottom Trimmings, (SM-ML).

UI7PUSII i51.0 50.0 UF17 - Bottom Trimmigs,
, 

(SP).

UT. PUSH - 0.6 60.1 UF18 - Bottom Trimings, (ML).

8- UJ 19 PUSH .1.3 60.3j UF19 - Bottom Trimmings, (ML-SM).

" r2o PUSH 1.4 .0.6 UF20 - Bottom Trimmings, kS?-SM).

UPI I UH6055. UF21 - Bottom Trimmings, (SW).

- 85 !rK PSHS. g2

?r22 PUSH 61.7 61.0 UF22 - Bottom Trimmings. SM).

J2 3 PUSH 53.5 53.0 UF23 - Bottom Trimmings, (ML).

90 Bottom of Borehole - 88.8

95

-100i

I4

D tV SA- I



BORING LOCATION st. 5-1 137.0- GROUJND ELLVATION( NGVD' DATE START/FINISNIICIAT 0o1l8s U I I I A
INCLINATION Iertts BEARING 4A__TC-.L DEPTM (FT DRILLED BY F. st... .S(co!

CASING 10 Nn u CORE SIZE.' GROtJNDATER EL.______ DATE - LOGGED BY iP.w Perkin* DATEIC/10-11185 PG. IOF 2
EL DEPTH SAM PLE ItEMARKS

TYP [{ LOWSIPENi 1E $OIL AND ROCK DESCRIPTIONS
PTand PER

FT I NO 6 1N C M Cm____

j95.

5

40

'5

2 C'

25 N*.

30~~~ .

351

2 40



BORING LOCATION G' ~ ~ ROUND ELEVATION( NGVDI _ .1 DATE START/F NISH
0 ~~ ~. ~ I I ]A

INCLINATION VertIc__ BEARING NA TOTAL DEPTH (FT) 'q.0 DRILLED BY F. St-irt, dIE9C0

CASING ID Not used CORE SIZE NA GROUNDWATER EL ___. _ DATE.. LOGGED BY ig Prk- DATEII2-L2L PG 2 OF 2
EL IDEPTH SAMPLE REMARKS

EL OP BLOWS i owsp Cl soIL AND ROCK DESCRIPTIONS
ari5 PER | I

FT FT hNO 6 ElN CPC

: i 12..F1 - Bottom Trimmings, (SP).

'Io,-sit ,-. : UFI1 - Bottom Trimmings, (SW).

70 l r~l ..l ' 4. UF12- Bottom Trimmings, (SW/grevel).

A'...... Bo errom Tr imings , (SP-SM)

UM4 PUSH 0.0 .9.2 UF14 - Bottom Trimmings1, (SM-ML)

75 -

LIFIS PUSH 56.1 iS.9 UF15 - Botttom Trimmings , (SP-SW)

UF16 - Bottom Trimmings, (SM).
U116 PUSH 0.2 S9.71

80 .r P 'l ll ,n. I A.Q UJF17 - Bottom TrimmIngs, (SP).

UFI PUSH vU.4 $9.5 UF18 - Bottom Trtmings, (SW-SP).

U019 PUSH 0. 59.) UF19 - Bottom Trimmings, (SM-SP).

H85
JL PUSH 9.) '8,4 UF20 - Bottom Trimmings, (SP-SM).

JF21P''jSOt L.1 ,0.6 UF21 - Bottom Trimmings, (SW-SM).

90 Bottom of Borehole - 89.0

95 1

100

A 9



GROUND'VATER OBSERVATION WELL REPORT
Pro e . Lower San Fernando Dam Page 1 1

Location 5an Fernando Valley, California rTe i No. OW 104

Client WES/COE :oring 1o 04

Ccntractor WES/COE :riller F. Stewart jocatcor Sta 9+55

insoected by J. R. Perkins Date September 25, 1985 73.1, S

Checked by T. 0. Keller Date November 7, 1985 Pro. ,o. 85669

Elev. or length of surface casina aove: 0.1

Survey below ground surface 0.i_
DaZM NGVD nov. or en atn of rser p ie bo,'e,

uround below grouno surface 0
Elevation 1114.5 Thickness of surface seal bc7o',Y cround

surface, if any 78.0?

Rolled Fill Tvpe of surface seal Cindicate any at-

ditional seals) cemet grout

MD of surface casing 4.0"

I! T.ce of surface casing steei pive

7lev./dect- bottom o casina 2.0'

ID and OD of riser pipe _ _"

- ype Dfr riser pipe PVC

i Hydraulic Fill
4.0"~f

D:amerer of borehoje

.- 7,.'e of backfill around riser nipe ceient rOut

Eilev.;deth ou of seal, :f an', 0

Eev.,,deprn rotcom :f seal 78.0'

3hl/.,,dp_,. tnc o: pervious s-c7i=n

Al~iv,,um 00 PVC

] escr me : L;O.~
~ 

2 ilotted

I: nu .7 . t ,.rvloui;e't~ 1 "'

o:p0 i. <t t ''i't .". . twa sand

0.

4-



GROUNDWATER OBSERVATION WELL REPORT
Pro)e,.: Lower San Fernando Dam Pace 1 f 1

Location San Fernando Valley, California lejI. Xo 11

Client WES/COE ioring No. OWl11

Contractor WES/COE DrIller F. Stewart Location Sta 5+95.

Lnzceed by J. R. Perkins Date October 4, 1985 132.0' S

Checked by T. 0. Keller Date November 7, 1985 Pro. No. 85669

Elev. or lencrth of surface casina above/

Surve'/ below ground surface

Datum NGVD i 7, Friv. or leno rn of riser pie above,

Ground below ground surface 1.5'

Ele-:arion 1095.1 Thickness of surface seal be!oU, ground

If ----- surface, if any 78.0'

Rolled Fill Type of surface seal (indicate any a-

d.--ona! seals) cefmet grout

ID of surface casino _-

el.,'deptri bottom of casing

ID and CD of riser pipe 1 "
T ype of riser oice PVC

I

~4.0",
Diamerer of borenoie

-Typoe of backfill around riser pire cement zi'sut

-2 Hydraulic Fill I Elev. /deotli too of seal, if any 0

Type or sea- cement grout

Elev./depth bottom of seal 78.0'

3 Elev./depth too of pervious section 88.0'

0 PVO0t y pe or erv ou:; sC:tZDonP
I Descrie oeninQs siotteo

' Allu-ium 0 ID and OD of oervious section

00-0

0 Type of hackfIll iroona rervious secr:o Ottwsard

II
00
00 .dur Ct-om 3r'io 01Q

1 ,Lev., ,ieot~ 30ttC7 ;: ;,ono :c m. 0*"

ev L, 1) o:;_ __ _

i P,'e Sf ~ai
L . iev'__ -,,"7 wa _ _ __ _

. ~,p e or racKrIll ezw " erv;rouo 5e-2t1777,

{ "f :f LnCtta,.'tm sarxl

I V______ _ _



APPENDIX B: EXPLORATION SHAFT
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APPENDIX B

EXPLORATION SHAFT

B.1 Purpose and Scope

An exploration shaft was made through the downstream

hydraulic fill shell of the dam to perform the following tasks
at three separate levels in the dam:

a. Obtain undisturbed samples using GEI's tripod tube
sampler.

u Perform field density tests.

c. Obtain bag samples for laboratory testing.

J. Map the sidewalls of the excavation.

The exploration shaft was made at Locatin !11 as shown

in Fig. 5 of the main text. The shaft was made at this loca-
tion because N-values at the base of the hydraulic fill shell
were more consistently low at this location than at other
locations. The centerline of the shaft was located 12 feet
north (upstream) of SPT boring Sill.

The excavation and backfilling of the shaft was perfor-ed
by Zamborelli Drilling Company, Inc. of Los Angeles, Cali-
fornia. All sampling, tenting, .-,,d mapping was performed by
GEl from November 26 through December 20, 1985.

Explorations were performed in the shaft within Thnes 2,
3, and 5 of the hydraulic fill shell shown in Fig. 7 Te
elevation ranges for explorations in each zone were as
follows:

Zone Expl ration Flevation
Range, _ t

7

3 103,4-],0

e ej~ -

KI]. 1097.5.

A total of 44 wer1,si ort. xbe :ramo]os'ere -;h -j,- -r,,
the --haft1 s r :. G ' t ri)od aaoler.



density tests were performed usin: sand cone techniques.
Approximately 2,500 pounds of bag samples were obtained from
the shaft. Bag samples were obtained from the same layers in
which tripod tube samples were taken and field density tests
were performed. Bag samples from a particular layer were
later mixed at GEI's laboratULy to form batch mixes for
laboratory testing.

B.2 Shaft Advancement Procedure

The shaft was excavated using a caisson drilling rig with
a 6-foot-diameter auger. The sidcwalls of the shaft were sup-
ported with 6-foot-diameter steel casing.

The excavation wps advanced using an auger to approxi-
mately 1.5 feet above each sampling level. The casing was
then lowered to the boztom of the excavation and fixed at 'he
groupd surface with tvo steel I-beams to prevent further
pe.ietration. The contractor hand excavated to within 2 to
3 inci es of the desired sampling depth. While hand excavating
to the top of the sampling levei, one-quarter circles of
plywood were placed on the Lottom of the test shaft so as not
to disturb the underlying layers. The last few inches were
hand excavated by GEIl's field engineers. A pilot excavation,
one quarter of the shaft botcom area, was hand excavated
...... ma!v 1 0 foot helow the samDlinp depth. This pilot
excavat.-n was used to identify soil layeis prior to the start
of sampiing so that sarpling and field density tests would be
performed within a defined layer. Once the remaining three
quarters of the shaft bottom was leveled arid smoothed,
sampling lind field density testing as perforned until the
.sre'I was depleted. Details of tripod tube sampling -nd field
,Jensitv testing are presented in Sections 'K? and B.4, respec-

' and excavating, s uap- ing, and _e t iny :on :me, in
;{r'xisteiv i toot vertical increr.:flnts ~Oto 'uc >ot : f th-
•,-: In eve .

',( -,to uf the a-'m2 ir 7 evel eas raj ', 'he

•VI), :-"-i . 1 2" i ' ' is

*r.V ..

- - I 1 : '



V?-inch perforated steel casing that penetrated approximately
6 inches below the bottom of the drain. Inside the 12-inch
perforated casing, a small submersible pump was used to remove
the water.

After sampling, testing, and mapping were completed, the
steel casing was removed and the test shaft backfilled with a
4,000 psi concrete mix to 1 foot below the ground surface.
During the backfilling, the concrete mix was poured through a
hopper connected to a 1 5-foot-long hose centered over the
shaft.

B.3 Undisturbed Tripod Tube Sampling

Forty-four undisturbed tripoci tube samples were obtained
using GEI's tripod sampler. Tripod tube sample data is pre-
sented in Table BI. A photograph of the GET tripod tube
sampler is shown in Fig. Bi. Sampling tubes were 3.0-inch
O.D., 14-inch-long thin-walled galvanized steel tubes. Each
tube was machined to have approximately zero clearance ratio,
as defined in Table B. Precise measurements showed that
actual clearance ratios ranged from -0.01% to 0.01%.

All hand excavating and sampling was performed while
standing on one-quarter circles of plywood so as not to
disturb the underlying soils. The remaining three quarters or
the soil surface was leveled prior to sampling and testing.
The locations of tripod tube samples at each sampling level
are shown in Figs. B2 to B4. An effort was made to obtain
samples co,,sisting of predominantly one soil type. This was
done by starting the sampling at the top cf a soil layer.

The tripod sampler shown in Fig. B1 was used to maintain
the sampling tube in vertical alignment during advancement.
The tube was advanced in increments of about 1/2-inch by using
no more than light hand pressure. About 1/2 to 1 inch of soil
around the periphery of the tube, below the cutting edge, was
excavated prior to advancement of the tube. This pre-
excavation allowed soil to easily peel away from the tube as
it was advanced and minimized volume changes during sampling.
Several hours of effort were required to obtain each sarrple.

Detailed measurements of tube penerration and soil reco-
ve-y were made during advancement of the tuhe. Thbese 7easure-
ments are included in Table Bi. Soil volume changes w hi:
occ:urred during sampling were computed based on these meamre-
ment s.



B.4 Field Density Tests

Twelve field density tests were performed in the shaft
using sand cone techniques. The test procedure was in accor-
dance with ASTM D1556-82, "Density of Soil In Place by the
Sand-Cone Method." A summary of field density tebt results is
presented in Table B2.

At least ufne field density ceSL was performed on each
layer in which tripod tube samples were obtained (except one
layer). An attempt was made to centrally locate each field
density test with respect to the tube samples. The locations
of field density tests are shown on the sampling location
plans in Figs. B2 to B4. An effort was made to perform field
density tests in one soil layer. However, virtually every
layer encountered was intensely stratified. Representative
samples of material were taken adjacent to the field density
test locations for compaction testing in the laboratory.

B.5 Wall Mapping

Mapping of the execsed sidewalls below the casing was
performed at each exploration level to document the stratifi-
cation of the hydraulic fill.

Mapping was performed after tube sampling and field den-
sity testing because the largest amount of wall was exposed at
that time. The upstream direction of the shaft was estab-
lished and called north. Mapping started at the bottom of the
casing and continued to the bottom of the sampled level.

Photographs of the excavation sidewalls were taken at
each level of tne shaft. Typical photographs at each level
are shown in Figs. B5 to B7. These photos show the intense
stratificaticn present in the hydraulic fill shell.



TABLE BI - UNDISTURBED TRIPOD TUBE SAMPLE DATA

Lower San Fernando Dam - California

Page I of 5

Z 0 N E 2

Sample Elevation,(1 ) Clearance(2) Cumulative Cumulative Total ( 3 )

Top of Sample Ratio Penetration Recovery

CR P R AV/V

ft % cm cm %

TSI01 1044.3 0.000 !0.40 10.80 2.44

18.42 18.87

TS102 1044.3 -0.041 10.41 10.36 -0.59
15.67 15.59

TS103 1044.4 --0.032 6.90 7.08 i.0On

15.97 16.14

TS104 1044.4 0.018 10.69 10.78 0.21
11.44 11.46

TS105 1044.5 -0.096 9.34 9.64 1.39
14.49 14.72

TS106 1044.4 0.036 8.98 8.99 1.04
16.53 16.69

TS107 1044.4 0.018 8.49 8.76 1.08

17.32 17.50

TSI08 1043.0 -0.041 6.02 5.95 -0.71

14.40 14.31

TS109 1042.9 0.036 7.83 7.82 -0.26

15.03 14.98

TSII0 1043.0 -0.077 Q 1 9.43 --0.81
10. , i18.05

TSI11 1042.9 -0.018 10.48 10.34 -1.30

16.61 16.40

-S112 1042.4 -).032 2.14 2.26
7.29 7.50 1.20

14,28 14.46

Notes: See pige 5

Pr tect 19
.eotechntcal Engineers ic. eptermber 2, 198£'



TABLE BI - UNDISTURBED TRIPOD TUBE SAMPLE DATA

Lower San Fernando Dam - California

Page 2 of 5

ZONE 2

Sample Elevation,( I )  Clearance(2 ) Cumulative Cumulative Total( 3 )

Top of Sample Ratio Penetration Recovery

CR P R AV/V
ft % cm Cm %

TS113 1042.3 -0.068 5.12 5.35

9.34 9.72

14.83 15.47 4.17

TS114 1042.4 -0.050 5.86 6.18

9.49 9.85
19.81 20.27 2.22

TS115 1041.2 -0.004 8.82 8.93

16.05 16.06 0.05

TS116 1041.1 -0.041 8.71 8.84

15.58 15.60 0.05

TS117 1041.1 -0.027 6.03 6.08
15.81 16.02 1.27

ZONE 3

TS201 1032.5 -0.082 5.18 5.20

11.16 11.16

24.18 24.1/ -0.21

TS202 1032.5 -0.027 8.37 8.37

13.56 13.56

23.51 23.40 -0.52

TS203 1032.5 -0. 004 10.08 10.08

15.63 15.56
24.31 24.23 -0.34

TS204 1032.5 0 10.24 10.21
14.b4 1'.64
26. 34 T-.21 -. 9

Notes See page 5



TABLE BI - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 3 of 5

ZONE 2

Simple Elevation, (1, Clearance( 2 ) Cumulative Cumulative Total( 3 )

Top of Sample Ratio Penetration Recovery

CR P R AV/V

ft % cm cm %

TS205 1032.5 -0.050 12.11 12.05
20.10 19.95

28.91 28.79 -0.51

TS206 1032.5 -0.095 11.56 11.52
15.81 15.72

19.15 18.98 -1.08

TS207 1032.5 -0.055 9.27 9.28
19.72 19.76

28.79 28.79 -0.11

TS208 1031.1 0.027 6.64 6.67
14.57 14.58

17.01 17.00 0

TS209 1031.2 -0.046 8.67 8.67
15.36 15.28
17.11 17.10 -0.15

TS210 1031.2 -0.036 7.10 7.08
14.14 14.03
18.20 18.11 -0.57

TS211 1030.8 -0.055 7.30 7.41
11.55 11.57

13.41 13.48 0.41

ZONE 5

TS301 1015.2 0.009 6.18 6.18
11.69 11.72

13.PO 13.91 0.16

TS302 1014.0 -0.004 6.32 6.35
17.04 16.95

27.30 27.07 -0.85

Notes: See page 5

Project 85669
Ceotechnical. Fngineers Tnc. Septenber 2, 1987



TABLE BI - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 4 of 5

ZONE 2

Sample Elevation,( I ) Clearance(2 ) Cumulative Cimulative Total( 3 )

Top of Sample Ratio Penetration Recovery

CR P R AVMV
ft % cm cm %

TS303 1013.9 -0.618 9.39 9.42

15.97 15.93
19.94 19.84

23.01 22.83 -0.82

TS304 1014.0 -0.096 6.46 6.44

11.32 11.24
16.70 16.53
21.55 21.25 -1.58

TS305 1014.0 0.018 5.59 5.56
12.20 12.11
IV . .7Vl~

19.79 19.55 -1.18

TS306 1014.0 -0.018 5.73 5.76

13.82 13.78
21.91 21.82
27.20 27.12 -0.33

TS307 1014.0 0 6.18 6.16

12.57 12.58
19.28 19.21
23.43 23.32 -0.47

TS308 1014.1 0 8.10 8.09

14.62 14.55
20.40 20.27

21.55 21.41 -0.65

TS309 1014.1 0 7.99 8.02

14.02 13. '6
2!2.06 21.91

51 26.31 7 5

T~l I"s. I U 09 7 J4

e2 e

2'%. J 5. 9 -
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TABLE BI - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 5 of 5

ZONE 2

Sample Elevation,(O) Clearance( 2 ) Cumulative Cumulative Total( 3 )

Top of Sample Ratio Pene:ndtion Recovery

CR P R AVMV

ft % cm cm %

TS311 1013.1 -0.014 3.78 3.74

12.48 12.28

19.22 18.87 -1.85

TS312 1013.2 -0.004 7.36 7.35
15.47 15.36

20.56 20.37 -0.93

TS313 1013.3 0.014 9.07 9.06

13.20 13.17
18.19 18.09

22.08 21.92 -0.70

TS314 1013.4 -0.018 9.96 9.78
15.76 15.53

17.68 17.42 -1.51

TS315 1012.4 0.009 8.28 8.37

12.27 12.33
15.31 15.33 0.15

TS316 1012.4 0.009 7.58 7.55
12.25 12.23 -0.15

Notes:
(1) Elevation datum is NGVD

(2) Clearance Ratio (CR) as define& as:
ID-CE

CR CE x 100%CE

Where: ID - inside diameter of sampling tube

CE = diameter of cutting edge of sampling tube

Negative values indicates diameter of cutting edge ic larger

than inside diameter of sampling tube

(3) Change in volume during sampliNg (AV/V) is defined as:

AV/V L CR x 100 (in peccent)

Where! CR = clearance ratio of sample tThe, dfi ned ,bno-
R = grogs recovery
P = penetration length

Pswitive values indicate sample ,np;-nsion: negative values
Indicate sample compression.

Pro ie,t
K!potechnical Engineers Inc. Swepember ,,



TABLE B2 - SUMIARY OF FIELD DENSITY TESTS

PERFORMED IN EXPLORATION SHAFT

Lower San Fernando Dam

Field Depth, Elevation, Field Measurements i ) Estimated Estimated

Density Top of Top of Water Dry Unit Void Ae Due In situ

Test No. Layer Layer Content Weight, yd Ratio to Swell Void Ratio

in 1985

ft ft, NGVD % pcf (2) (3) (4)

101 53.2 1044.3 10.0 97.3 0.719 -0.017 0.702

102 54.6 1042.9 33.3 91.1 0.856 0 0.856

103 55.1 1042.4 8.2 108.0 0.542 -0.017 0.525

104 56.4 1041.1 16.1 95.8 0.746 -0.017 0.729

201 65.0 1032.5 14.8 93.3 0.785 -0.016 0.769

202 66.3 1031.2 12.7 94.9 0.762 -0.018 0.744

203 66.3 1031.2 13.2 93.9 0.781 -0.0i8 0.763

301 83.5 1014.0 26.2 98.6 0.702 -0.026 0.676

302 84.4 1013.1 27.4 96.7 0.736 -0.032 0.704

303 84.4 1013.1 26.0 98.1 0.711 -0.032 0.679

304 84.4 1013.1 27.9 95.8 0.752 -0.032 0.720

305 85.? 1012.3 23.8 lOG.7 0.667 -0.028 0.639

Notes:

1) Field density tests were performed using sand cone techniques, ASTM D1556.

Density and water content measurements are for the fraction passing the

No. 4 sieve.

2) Void ratio based on specific gravity measurements of batch mix from the

same elevation. Void ratio not corrected for swell at base of exploration

shaft.

3) Void ratio changes due to swell of soils at the base of the exploration

shaft were estimated using procedures described in Section 4.2.1 and

Table 5 of the text.

4) Corrected for estimated swell at base of exploration shaft.

Project 85669
Geotechnical Engineers Inc. januarv 15, 1,988
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Downstream Wall of Exploration Shaft in Zone 3 of
Hydraulic Fill Shell

Darker layers correspond to Bandy silts and clays,
and lighter colored soils are Bands and silty sands.
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APPENDIX C

IN SITU VOID RATIO CHANGES

OF CRITICAL LAYER

C.1 Introduction

Undisturbed samples if the critical layer of th
hydraulic fill shell on the downstream side of the dam :ere
obtained in 1985. The void ratio and strength of these
samples represent 1985 conditions. Thus it became necessary
to estimate the void ratio changes that took place in the cri-
tical layer between the time of the earthquake in 1971 and the
time of sampling in 1985. These void ratio changes were then
used to estimate steady state strengths of the critical layer
soils on the downstream side immediately before the 1971
cpv-hquake. The 1971 void ratios of critical layer soils on
the upstream side ot the daft would be expected to be higher
than the 1971 void ratios of the critical layer soils on the
downstream side. This is because the critical layer on the
upstream side was under a lower sustained effective stress due
to the presence of the reservoir and the fact that the
downstream slope was under additional load from the 1930 and
1940 berms. The estimated difference in void ratio between
the upstream and downstream critical layers, in conjunction
with strength data obtained for the downstream critical layer,
were used to estimate the steady state strength of the
upstream critical layer which actually participated in the
1971 flow slide.

The Los Angeles Department of Water and Power (LADWP)
made detailed vertical and horizontal movement surveys of the
embankment and groundwater observation well readings between
1929 and 1985. These excellent data were essential for esti-
mating the void ratio changes which took place in the critical
layer on the downstream side of the dam after the 1971 earth-
quake and for estimating differences between upstream and
downstream void ratios.

The movement and observation well data were analyzed to
develop a general understanding of the behavior of the down-
stream section of the dam prior to, during, and after the 1971
earthquake, Then thp pertinent data were used to evaluate
void ratio changes in the critical layer. The plots presented
in the subsequent sections of this Appendix were prepa-ed by
GEl from the LADWP field survey sheets.



C.2 Movement and Settlement Data

C.2.1 General

The LADWP made detailed measurements of the ver-
tical and horizontal movements of the dam starting in
1929. Five survey lines were established at the loca-
tions shown in Fig. C1. Vertical and horizontal move-
ments of about 110 points were measured at least 6 times
a year and sometimes 12 times a year up until the 1971
earthquake. Measurements were continued on a frequent
basis for a period of about one year after the 1971
earthquake. The interval between measurements was
reduced to one year starting in 1974.

Undisturbed samples of the critical layer on the
downstream side of the dam were obtained at two loca-
tions: the exploration shaft and undisturbed sample
borings at Location 111 and undisturbed sample boring at
Location 103. Thus the movement data analyzed correspond
to sections passing through these two Locations.

C.2.2 Movements Measured Immediately After the 1971
Earthquake

Plots of vertical and horizontal movements at
Stations 5+00 and 9 00 between December 30, 1970 (before
the earthquake) and both February 13 and May 12, 1971
(after the earthquake) are shown in Figs. C2 and C3.
These plots show that almost all of the movements
measured in the three-month period following the earth-
quake occurred during the four-day period following the
earthquake. The vertical and horizontal movements
measured on February 13, 1971 were combined and are shown
as vectors in Figs. C4 and C5 for Stations 5+00 and 9+00,
respectively.

Examination of Figs. C2 through C5 indicates the

following patterns of movement of the downstream slope as
a result of the 1971 earthquake:

a. The downstream toe of the dam did not move appre-
ciably as a result of the earthquake.

b. There was no bulging of the downstream slope.

c. Downstream of point 3 at Sta 5+00 and Sta 9+00,
the horizontal components of the movements were in
the downstream direction. Upstream of this point,



and close to the scarp, horizontal movements were
in the upstream direction, reflecting proximity to
the scarp left by the upstream slide.

d. Downstream of point 5 at Sta 5+00 and point 6 at
Sta 9+00, the rate of change of horizontal move-
ments indicated horizontal compression, while
upstream of these points, there was horizontal
ext ens ion.

e. The settlements increased gradually in the
upstream direction starting approximately from
zero at the toe. However, they increased rapidly
upstream of the point that s-parates horizontal
compression from horizontal extension, i.e.,
point 5 at Sta 5+00 and point 6 at Sta 9+00,
Figs. C2 and C3.

It can be concluded from the above observations
that downstream of about points 5 and 6, the downstream
section of the dam developed mainly a decrease in volume
with relatively low shear strains. Upstream of these
points, the dam developed increasingly large shear
distortions near the scarp of the upstream slide.

A plot of vertical movements which occurred along
the downstream berm road (122 feet south line) between
December 30, 1970 and May 12, 1971 is shown in Fig. C6.
Discussion of this plot is presented in Section C.4.

C.2.3 Long-Term Movements Prior to and After the 1971
Earthquake

Plots of verLical and horizontal movements vs.
time for the measurement point located closest to the
exploration shaft are shown in Figs. C7 and C8. This
measurement point on the 122-foot south line, Sta 6+00,
was only about 15 feet east of the shaft. The following
are comments related to the vertical movement plot shown
in Fig. C7:

a. The August 30, 1930 earthquake caused a little
over 0.1 foot of settlement.

b. The relatively faster rate of settlement for the
few years after the 1930 earthquake may be due to
the effects of the 1930 earthquake, raising of the
embankment to its final height and/or placement of
the blanket on the downstream slope between 1929
and 1930.



c. Placement )f the 1940 berm on the downstream slope
caused s, .-ement of about 0.12 feet between the
time of cement and 1943.

d. The rate of settlement between about 1943 and the
time of the 1971 earthquake was approximately
constant at about 0.005 feet per year.

e. The 1971 earthquake caused a relatively large
settlement to occur.

f. Settlements continued after the 1971 earthquake up
to the time of soil sampling in 1985. Note that
dam reconstruction was done in the upstream sec-
tion of the dam, and thus had no effect on settle-
ments on points along the downstream berm. These
settlements are discussed in more detail later.

The horizontal movements of the same measurement
points (Fig. C8) have the same pattern as the vertical
movements, except after the 1971 earthquake. After the
1971 earthquake, with the reservoir empty, lateral move-
ments essentially stopped whereas settlements continued.
Note that the scatter is larger in the horizontal move-
ment data than in the settlement data, reflecting more
accuracy in the measurement of settlement.

Plots of vertical and horizontal movements vs.
time for the measurement point located closest to
Location 103 (Measurement Point at Sta 9+00 on the
122-foot South Line) are shown in Figs. C9 and C10. The
vertical and horizontal movement data for this point
follow the same pattern as that for the point located 300
feet east. This indicates that the behavior of the
downstream slope was consistent over substantial horizon-
tal distances.

Vertical mocements vs. time for Points 16 and 24
on the 5+00 line are shown in Figs. C11 and C12. These
points are located downstream of the exploration shaft.
Point 16 is located on the berm over the toe of the ori-
ginal dam section. Point 24 is located at the uoe of the
dam. Point 16 indicates settlement after construction of
the berm and significant settlement due to the 1971
earthquake. The vertical movement of Point 24 was essen-
tially zero over the time it was monitored between 1949
and 1975, indicating negligible settlements of the foun-
dation soils at the toe of the dam.



Expanded plots of settlement vs. time immediately
af'ter the 1971 earthquake for points near Locations 103
and 111 are shown in Fig. C13. These plots show that
relatively large settlements occurred in the four days
after the earthquake (February 9-13). The settlement
rate decreased with time in the five months following the
earthquake (up to about July 1, 1971). The settlement
rate became approximately constant from July 1, 1971 to
1985 (Figs. C7 and C9).

C.3 Groundwater Data

The LADW4P provided GET with groundwater elevation
measurements from numerous wells in the embankment. Two of
these wells, 641 and 64J, are shown in Fig. C1. Well 641 was
the closest to the exploration shaft location. The bottom of
each well penetrated the 1971 phreatic surface by only a few
feet as shown in Fig. C14. The tip of 641 was close to the
boundary between Zones I and 2 of the hydraulic fill (see
Figs. 9 and 10 in main text).

Groundwater elevations vs. time iii Wells 641 and 64J are
shown in Figs. C15 and C16. Data from each well is discussed
below.

Well 641 - The bottom of this vell was located at
El. 1653, about 31 feet above the critical layer. Groundwater
elevations in this well rose about 1 foot after the earth-
quake, but this rise occurred ove. a period of several weeks.
The rise may be due to excess pore pressure generated as a
result of earthquake shaking, but it is more likely due to the
fact that after the failure, the reservoir was closer to the
well for a short time after the failure.

The reservoir was essentially empty about 1.5 months
after the earthquake. However, the groundwater level in
Well 641 remained above its normal level for about 5 months
after the earthquake (up to about June 1, 1971).

Groundwater levels in Well 641 decreased at a rate of
about 1 foot/year until it became dry in November 1973. In
1985, the groundwater level in the exploration shaft, near
Well 641, was near the base of the embankment, as shown in
Fig. C14.

Well 64J - The bottom of this well was located near the
base of the hydraulic fill at about El. 1017. This elevation
is close to the top of the critical layer. Water level in the
well was about 3 feet higher than normal on the day aftec the
earthquake. The water elevation decreased to its pre-
earthquake level in a period of about one month. Water levels

1 0 (



in 64J decreased at a faste.r ate than water levels in Well
641, probably because of its proximity to the downstream
drain.

C.4 Void Ratio Changes in Critical Laver Due to 1971
Earthquake

The 1971 earthquake caused g-neration of excess pore
pressures in at least some of the soils in the downstream sec-
tion of the dam located below groundwater level. The obser-
vations in Well 641 indicate that negligible pore pressures
developed in Zone, 1 and 2 of the hydraulic fill. The ob3er-
vations in Well 64J indicate that excess pore pressure did
develop in the lower part of the hydraulic fill followed by
reconsolidation after the earthquake. The reconsolidation is
assumed to have manifested itself as settlements at the sur-
face of the downstream slope and horizontal compression of the
dow.isream section of the dam, except for the zone near the
sliae scarp which developed horizontal stretching.

For the purpose of our investigation, it is necessary to
estimate the void ratio changes which took place after 1971 in
the critical loose layer where undisturbed samples were takeL..
These changes would then be used to correct the 1985 void
ratios of undisturbed samples to pre-1971 earthquake void
ratios. Undisturbed samples were taken below the location of
the berm road on the downstream slope. At this location, the
downstream section of the dam was subjected to both vertical
and horizontal compression. Virtually all of the horizontal
movements occurred within about one month after the earthquake
when there was still water in the reservoir. Subsequently,
when the reservoir was empty, the horizontal movements stopped
and only vertical movements were observed.

For analysis purposes, we considered separately two
phases of the consolidation of the critical layer soils on the
downstream side of the dam after the 1971 earthquake:

1. Consolidation due to dissipation of excess pore
pressures generated during earthquake shaking,
discussed in this section.

2. Consolidation due to the increase in effective
stress caused by the permanent l,-ering of the
reservoir (Section C.5).

The groundwater level at the location of the downstream
berm road started dropping below its pre-earthquake level
about five months after the eqrthquake (Fig. C15). This
corresponds to the time when the settlement rate became
approximately constant (Fig. C13). Therefore, settlements



which -occurred in the first five months after The Parthiqo :tkf
probably are mainly due to dissipation of excess pore
pressures generated by the earthquake, indi those which
occlirred after that time can be assumied to :)e due t eoa
groundwater lowering below pre-earthquake levels.

Void Ratio Changes at Location 1 11 - The sj' ~ o
the oround surface at Location 1 1 1 in thie first five TT1o nts
after the earthquake was 0.46 foot (Fip. (213). Analyses 4pre
performed to estimate what part of the 2.46 Foot orf sertIeeinr
occurred in the 15-footL-thick critical layer at t h e "I-S e
the hydraulic fill, so that the void ratio chang)e ) ' is

laver could he estimated.

The volume change of each 1liver below igroundwarer ec
due to) dissipation of pore pressure generated b)y _-clic
loading is reldted to the m-,aximum cy:clic striin which cc-jrr?,
..n t:-e Laver iiring, (:vc' ic loading. C s t r '1 ?8 7 asu-

m:a r, -1 ceo La,)o rat o ry test, ;a ta relating _he ..o 'Loner ric s r-i j. 2!

sat,.r-jted sand and silt samples -,o, the maximum cycl ic snhesri
strain e-xperienced byv the samples (Fig. C17). The hand
laboled No. 3 in Fig. C17 represe~nts data from tests performed
on samples from Location 1 11 and reported in Appendix F,
Section F.4.7. Castro (1987) has also summarized laboratory
te!st data relating the volumetric strain of drained bands to
thl-e maximum cyclic shear strain experienced by th.-e samples
JFig. C18".

The soil profile at L1ocation III is shown in Fipg.
G-roundwater livel prior to the earthquake was about Fl. 1060
a-t t-his location. For analysis of sands below groundwater
level, the correlations hetween volumetric strain anid cyclfc
shear- strain shown in Fig. C19 were used. For sands abov~e

~ rcnndw.!e el, --he hatclhed 'line ~n t ig. C18 was ue

The maximum cyclic shear strain in each laver of the soil
prr f i c which occurred cluring ',he 1971 earthquake was esr i
m at edJ uisinw "' SHAKE mia1 ys is. DetaLls~ of the ainalisis -,!-e

p ~s nte~ Xpo-)x lt of maximuim cyclic slhe-i
Str ~lePt ~s s h n i n Fg E2 The uxmmKV

herst~th e mid heiht f each zone nf7 the -,oil. rc
f iY Y 1e a The ),AEan alsis is presented 4n Table

C T" flr f *he i-( .n '11 soil pro file iFip. 4 T '

ie is 'a:- .i or en se ~s ea rn .ri P
4~~- Xe i in, 1h IM.' rn1i main cycli dha sta1 a

.iv asi)at f e.-Il zone was uised to) obtain a
vou i trai- fo The / 'ne af1-ter reconsol idar ion usiqj h he

?rr . -tionts in Fi 2, s.(18 avid 2,19.Thticns fah 'n
,;as -i1iltiplied ', 'he ('OTTputevi volumetric strai.?s in the I one

oc b t a i n s et r 1Ume n t The volumetric stra-in aiiconmPute-
s(. e -i e nt f ,)r -, an 'n E, ar e pors en e d in -, ri 1



The summation of settlements of each z. one for the ,ibove
analyses was 0.51 foot which is very close to the measured
value of 0.46 foot. The agreement in total settlement is
somewhat fortuitous, since several interpretations of the
correlations in Fig. C18 and C19 can be made. However, The
more significant result is that about 49% of the 0.51 foot of
computed settlement occurred in Zone 5, the critical laver.
The above analyses was repeated using several positions for
the loose, medium, and dense curves shown in Fig. C19.
Computed settlemenLs 4ere different than 0.51 foot, but the
percentage of the total settlement which occurred in Zone 5
was about 49% in all cases. Therefore, the actual height
change of Zone 5 was about 49% of 0.46, or about 0.23 foot.

The void ratio change of Zone 5 soils due to dissipation
of excess pore pressures after the earthquake was computed
using the following equation (one-dimensional settlement):

Ael = AH 1 (l+eo)
H

where Ael = void ratio change in Zone 5 due to dissipa-
tion of excess pore pressures

HIj = settlement of Zone 5 due to dissipation of
excess pore pressures, equal to about
0.23 foot at Location 111

H = thickness of Zone 5, equal to 15 feet at
Location 111

eo = initial void ratio of soil in Zone 5

Computed values of Ael for undisturbed samples from
Location 111 are shown in Table 3 in the main text. For a
typical initial void ratio of 0.7, the void ratio change. Ael,
is equal to 0.026.

The above analysis neglects the horizontal compression
developed in the hydraulic fill after the earthquake. An
estimate of the horizontal compression in the critical layer
was made, resulting in void ratio changes of 0.001 to 0.002.
These void ratio changes result in changes in estimated
in situ steady state strength of only a few percent and thus
were neglected.

Void Ratio Changes at Location 103 - Void ratio changes,
Ael, of Zone 5 soils at Location 103 were estimated using the
same approach for estimating Ae1 at Location 111. The esti-
mated values of Ael at Location 103 are also shown in Table 3
of the main text.

C'I1



Settlements Near Abutments - Settlements along the
122-foot-south survey line (downstream berm road) which
occurred as a result of earthquake shaking ire hown in the
upper part of Fig. C6. There is a consistent pattern of
settlements between Stations 3+00 and 17+00. The settlement
pattern approximately reflects the pattern of the Rround sur-
face elevation changes below the survey line.

The relatively large settlements in the vicinity of
Station 2+00 are probably related to an historical problem in
a gypiim foundation layer on the left abutment. Based on
these historical records, dissolvin' of the gypsum by the
reservoir water gradually developed paths (voids) for per-
colating water and resulted in excessive seepage through the
east abutment. Grouting of these voids had been performed
periodically to alleviate the seepage problem.

The survey line along the berm road is actually located a
few feet upstream of the road on the slope of the embankment,
presumably co prevent damage to the measurement points from
traffic along the road (Fig. CI). However, near Station 18+00
to 21+00 the berm road starts to climb towards the right abut-
ment and crosses the survey line. A possible explanation for
the shape of the settlement profile between these stations,
shown in Fig. C6, is that the measurement points at Stations
19+00 and 20+00 may have been disturbed by traffic along the
berm road in the months following the earthquake when the
crest road was no longer available for traffic. Note,
however, that even though the shape of the settlement profile
appears unusual, the average settlement in the Station 18+00
to 21+00 area is consistent with the results of an analysis of
the type performed for Locations 103 and 111.

C.5 Void Ratio Changes in Critical Layer Due to Groundwater
Lowering

The groundwater level at the location of the downstream
berm road started dropping below its pre-earthquake level
about five months after the earthquake (Fig. C15).

Groundwater well data indicate that groundwater levels at
the location of the downstream berm road decreased at a slow
rate after the reservoir had been completely emptied. This is
consistent with settlement data which indicate that settle-
ments at Locations 103 and 111 (berm road) occurred gradually
for many years after the earthquake (Figs. C7, C9, C13).

Void Ratio Changes at Location 111 - The total settlement
of the ground surface at this location which occurred from the
time of the 1971 earthquake to the time of sampling in 1985
was 0.63 feet. About 0.46 feet of this settlement was due to

C14



consolidation as a result of the dissipation of excess pore
pressures generated by the earthquake (Section C.4). The
remaining 0.17 feet of settlement was due to consolidation
which occurred as a result of groundwater lowering.

The soil profile ar Location 111 is shown in Fig. 9. The
settlement of each soil zone due to groundwater lowerine is a
function of the compressibility of the zone and the change in
effective stress within the zone.

Consolidation curves from laboratory triaxial tests were
used to determine the compression index of soil samples.
These consolidation curves are presented in Appendix F,
Figs. F70 and F71. Table C2 is a summary of compression index
data for undisturbed samples from Zone 5, the critical layer,
for different effective stress levels.

The increase in effective stress for each zone of the
Location 111 soil profile was computed using the pre-
earthquake and 1985 groundwater levels. Each soil zone was
assigned a compression index on the basis of laboratory con-
solidation data and the average effective stress in the zone.
Settlements of each zone were then computed using the change
in effective stress and compression index for each zone.
Table C3 presents a summary of settlement computations.

The total computed settlement of all soil zones at
Location 111 for the above analysis was 0.20 feet. The com-
puted settlement is close to the measured settlement of
0.17 feet. About 33% of the 0.20 feet of computed settlement
occurred in Zone 5, the critical layer. Therefore, we esti-
mate that the actual height change of Zone 5 was about 33% of
0.17 feet, or about 0.057 feet.

The void ratio change of Zone 5 soils due to groundwater
lowering was computed using the following equation:

Ae2 = AH2 (1+eo)

where Ae2 = void ratio change in Zone 5 due to ground-
water lowering

AH2 = settlement of Zone 5 due to groundwater
lowering, equal to about 0.057 feet at
Location 111

H = thickness of Zone 5, equal to 15 feet at
Location 111

eo = initial void ratio of soil in Zone 5

C1 5



Computed values of Ae2 for undisturbed samples from
Location 111 are shown in Table 3 in La- ai,, text. For a
typical initial void ratio of 0.7, the void ratio change, -e2,
is equal to 0.006.

Void Ratio Changes at Location 103 - Void ratio changes,
Ae2 , of undisturbed samples from Location 103 were estimated
using the same approach for estimating Ae2 at Location 111.
The estimated values of Ae2 at LucdLion 1121 6re shown in
Table 3.

C.6 Void Ratio Difference Between Upstream and Downstream
Critical Layer

Up to this point, all estimates of void ratio changes
have reflected those which occurred in the critical layer on
the downstream side between 1971 and 1985. These void ratio
changes allow an estimate to be made of critical layer void
ratios and strengths on the downstream slide of the dam just
prior to the 1971 earthquake. It is reasonable to expect that
void ratios of the upstream critical layer in 1971 were
greater than those on the downstream side because of two fac-
tors:

1. Upstream soils had been under a lower sustained
effective stress due to prolonged submergence prior
to 1971.

2. Downstream soils had been subjected to higher effec-
tive stress due to the presence of the 1930 and 1940
berms.

Therefore, the 1971 steady state strengths of the critical
layer soils on the upstream side of the dam would be less than
the strengths on the downstream side.

Void Ratio Difference Due to Submergence

Historical records of the dam construction indicate that
the crest of the dam was at El. 1088 NGVD in 1915 and that the
reservoir was filled to within 5 feet of the crest at that
time. The dam crest was raised gradually in 1916 and 1917 to
about El. 1128. The records indicate that during these early
years, while the dam was tinder construction, the reservoir was
filled for summer irrigation use and was practically emptied
during the winter season as a provision against unusual
storms. Presumably, there was no longer a reason to empty the
reservoir in the winter once the spillway was completed circa
1917.
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No information was available on reservoir levels during
most of the 1920s. However, there appears to be no reason why

reservoir shoild have been lowered during this period.
Repairs to the upstream concrete facing were made in 1Q>. In
order to repair the concrete racing, the reservoir had to be
lowered to ?bout El. 1050 in 1929.

Detailed records of reservoir elevation were available
starting in 1930. These records indicate that the reservoir
elevation was always above 1095 up until the 1971 earthquake
with only one significant exception. This exception was 1 4-
to 5-month period in 1930 when the reservoir level dropped to
El. 1076 and rose back to 109S.

The question arises as to whether the critical layer on
the upstream side of the dam was ever subjected to an effec-
tive stress significantly greater than that corresponding to a
fully submerged state. The most critical time for this would
have been during lowering of the reservoir in the winter
months circa 1915-1917 and during repairs in 1929. We believe
that the upstream critical layer has not been subjected to
effective stresses significantly greater than those
corresponding to submerged conditions, as explained below.

The hydraulic fill process used to construct the dam no
doubt caused the soil between the starter dikes to be
saturated with a phreatic surface near the pond level at the
crest of the dam. The reservoir filling in 1915 completely
saturated the upstream slope. When the reservoir was lowered
for a few months, drainage of water within the upstream slope
started to occur. However, this drainage would occur very
slowly as evidenced by the fact that the phreatic surface on
the downstream side of the dam did not drop significantly in
the 6 months after the upstream slope had failed in 1971 and
the reservoir had been completely emptied.

The vertical effective stress in the upstream critical
layer (3v,us) at the location which mirrors the exploration
shaft location (berm road) would be about 2.4 kg/cm' for sub-
merged conditions. Below the downstream berm road, the ver-
tical effective stress in the critical layer (3 v ds) woild be
about 3.5 kg/cm 2 for a ground water depth of 35 eet. The

following equation can be used to estimate the void ratio dif-
ference between the upstream and downstream critical layers
due to the submergence effect:

Aesub = Cc 1o-1 0 vds

5v'us

Using a value of Cc = 0.048 from Tables C2 and C3 results in a

value of A esub = 0.008.
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Void Ratio Di.:.erence lie to 1930 and 1940 Berms

Berms on the doiwnstream slope have caused consolidation
stresses to be higher in the critical layer on the
downstream side compared to the upstream side. The majority
of the additional effective stress was caused by the large
1940 berm.

Using stress distribution equations, we estimate that
the 1940 berm caused an increase in effective stress in the
critical layer of about 0.58 kg/cm 2 at the location of the
exploration shaft. Using a Cc = 0.048 as before, this
increase in effective stress would cause a decrease in cri-
tical layer void ratio of about 0.003.

This void ratio change of 0.003 is corroborated by
settlement measurements along the berm road (122 feet south
line), shown in '-ig. C7. The data indicates that the survey
point adjacent to the exploration shaft settled about 0.12
feet as a result of primary consolidation which occurred in
the few years following placement of the 1940 berm. Based
on analysis similar to that described in Section C.5, we
estimate that about 20% of the measured settlement was
caused by consolidation of critical layer (Zone 5) soils.
For a critical layer thickness of 15 feet and initial void
ratio of 0.7, the backcalculated change in void ratio of
critical layer soils is:

Aeberm : 0.12' x 0.20 (1+0.7) 0.003

15

This backcalculated value of 0.003 is the same as that esti-

mated using the consolidation approach described previously.

Summary of Upstream/Downstream Void Ratio Difference

Void ratios are estimated to be higher in the upstream
critical layer compared to the downstream layer by the
following amounts:

Ae

1. Submergence effect 0.008

2. Berm effect 0.003

Total 0.011

Therefore, we added 0.011 to the estimated in situ void
ratios of samples from the downstream critical laver to
obtain void ratios for the upstream critical layer.

c 1 8
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TABLE C2 - SUMMARY OF COMPRESSION INDICES
UNDISTURBED SAMPLES FROM ZONE 5
Lower San Fernando Dam

COMP RE S S I O N N) E X ,CC2)

Triaxial l )  At Isotropic Consolidation Stress, o kg/cm-

Test No. 1 2 4 6 7 8 12

RI 0.021 0.033 0.046 - - - -

R5 0.018 0.030 0.046 0.055 - - -

Rb 0.026 J.041 0.051 - - 0.063 -

K7 0.024 j.036 0.057 - - 0.066 -

R8 0.030 0.047 0.068 - - 0.085 -

R12 0.018 0.033 0.045 - - 0.061 0,065

R13 0.026 0.045 0.061 - - 0.084 0.113

R14 0.025 0.039 0.054 - - 0.083 0.106

R15 0.036 0.058 - - - 0.100 0.128

R16 0.017 0.031 0.051 - - 0.080 0.099

R17 0.028 0.043 0.055 - - 0.036 0.091

R18 0.038 n-053 0.075 - - 0.109 2.119

R19 0.019 0.027 0.036 - - 0.039 0.039

R20 0.017 0.032 0.050 - 0.065 - 0.074

Notes:

1) Consolidation curves for triaxii] tests are presented
in Appendix F.

2) Compression Index, Cc, - Ael/Alog 0o .

Proiect 8 n69
Geotechnfcai Fngtneer Th'. ep- c'r 2, 'n-.
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APPENDIX D

STATIC AND PSEUDOSTATIC STABILITY ANALYSES

D.1 Static Stability Analyses

D.1.1 Introduction

One of the steps in evaluating the liquefaction
susceptibility of the dam is to determine the in situ
driving shear stress in the critical soil layer
(Section 4.6.1 of the mai, text). This section of the
appendix describes stability analyses performed to deter-
mine the driving stress in the critical layer on the
upstream side of the dam, as well as in the critical
layer on the downstream side.

The computer program SSTAB2 (Wright, 1974) was
used to analyze the slopes of the dam. The program uses
a Spencer method of analysis in which the interslice for-
ces are assumed to be inclined and parallel. The method
satisfies all conditions of static equilibrium. Sliding
wedges and circular arc failure surfaces were used in the
analyses. Wedge failures were more critical than cir-
cular failures, so results of the wedge analyses were
used. A manual search was performed to find the most
critical wedge.

The driving shear stress in the critical layer is
equal to the minimum shear resistance the layer must have
to maintain stability of the slope, assuming fully mobi-
lized strengths in other layers. The fully mobilized
strengths are those that would act while deformations of
the slope were occurring and would be available to resist
a massive flow slide. The strength of the critical layer
(c = strength, i = 0) is varied in the analysis until the
factor of safety of the slope is equal to 1.0.

A cross section through the dam prior to the 1971
failure is shown in Fig. 2 of the main text. The
simplified geometry used for performing stability analy-
ses is shown in Fig. D1. The mobilized strengths of
layers used in the analysis are presented in Table D1. A
discussion of strengths used in the analyses is presented
below.

Rolled Fill Cap and Ground Shale Laver - The
rolled fill cap and ground shale layer,
Layer 1 in Fig. D1, were judged to he



slightly dilative based on soil descriptions
and blowcounts in these layers. The mobi-
lized strengths in these layers were varied
using a friction angle of either 30* or 350.
These layers may have had slightly higher
strengths below the groundwater due to dila-
tion at the beginning of shear deformations,
but dissipation of negative pore pressures
would have reduced their strengths to drained
values.

Clayey Core - The clayey core was assumed to
act undrained during tl-e failure. A labora-
tory vane shear test was performed on an
undisturbed sample of the clayey core
obtained from Boring U105 (Appendix F,
Section F.5). The test was performed on a
sample obtained below the 1985 groundwater
level, and thus the sample is probably nor-
mally consolidated to the 1985 stresses

A plot of vane shear strength vs. vane
displacement is shown in Fig. F116. This
plot shows that large vane displacements were
required to reduce the strength of the clay
sample to its steady state strength. Thus
the strength available in the field to resist
the initial movements of a flow slide is the
peak undrained strength, Sup- The strength
used in stability analyses was varied from a
high corresponding toSup/P = 0.3 to a low
corresponding to Sup/P = 0.2. The peak
strength of the laboratory vane specimen
corresponded to a c/p ratio, Sup/P , equal to
about 0.3 for 1985 conditions. Note that the
resistance mobilized at a vane displacement
of about 1 cm corresponded to an Su /p ratio
of about 0.16 and that the steady sgate
strength corresponded to an Sus/p ratio of
about 0.09.

A limited number of torvane shear strength
measurements of the upper part of the clayey
core were made soon after the 1971 failure
(Seed, 1973). These measurements indicated an
Su /P ratio of about 0.3 which is consistent
wih the 1985 measurements of clay strength.

The clayey core was divided into three zones
as shown in Fig. D1. The strength at the

D 5



mid-height of each zone was used in the
analyses.

Starter Dikes - Starter dikes used in the
hydraulic filling process can be seen in construction
photographs. Some compaction of these dikes resulted
from equipment traffic. Because of the low confining
pressures in the starter dike zone, it is likely that the
soils in the dikes were dilative. The starter dikes were
assigned a mobilized strength corresponding to drained
conditions. The friction angle for the starter dikes was
varied between 30° and 350 . As discussed in Section 5.7
of the main text, the toe of the starter dike on the
upstream side of the dam may have dilated significantly
and resisted initial flow slide movements with an
undrained strength higher the the drained strength.
Subsequent drainage of negative pore pressures in the toe
dike would have reduced its sLrength from its undrained
value towards its drained value which then could have
allowed the flow slide to continue. This scenario points
out the need to use the drained strengths of dense, dila-
tive layers when evaluating susceptibility to a liquefac-
tion flow slide.

1929-1930 Blanket and 1940 Berm - The engineering
properties of these layers are not well known. Records
indicate that they were apparently compacted to some
degree during placement. The mobilized strengths of
these layers were assumed to correspond to a drained
friction angle of 40* .

Hydraulic Fill Shells - The upstream and
downstream hydraulic fill shells were assumed to act
undrained during the failure.

D.1.2 Static Stability Ar-ilysis of Upstream Slope

The critical failure surface through the upstream

slope based on our stability analyses is shown in
Fig. D1. The majority of the failure surface through the
upstream hydraulic fill shell passes through the base of
the shell, the location of the critical layer. Analyses
were performed for two cases. Case A was based on lower
bound values of the mobilized strengths varied in the
analyses and Case B was based on upper bound values
(Table DI). The driving shear stress, Td, through the
critical layer on the upstream side of the dam was com-
puted to be the following:

D6



Driving Shear Stress
Td, kg/cm 2

Case A 0.53

Case B 0.44

Average 0.48

We believe that a driving shear stress of
0.48 kg/cm 2 is a reasonable value to use for evaluating
the liquefaction susceptibility of the critical layer on
the upstream side of the dam.

D.1.3 Static Stability Analysis of Downstream Slope

The critical failure surface through the down-
stream slope based on our stability analyses is shown in
Fig. D2. Stability analyses were performed for the same
two cases described in the previous section. The
majority of the failure surface through the downstream
hydraulic fill shell passes through the base of the
shell, the location of the critical layer. The driving
shear stress, Td, through the critical layer on the
downstream side of the dam was computed to be the
following:

Driving Shear Stress
Td, kg/cm

2

Case A 0.41

Case B 0.24

Average 0.33

We believe that a driving shear stress of 0.33
kg/cm 2 is a reasonable value to use for evaluating the
liquefaction susceptibility of the critical layer on the
downstream side of the dam for the prefailure condition.

Stability analysis of the downstream slope were
also performed using the geometry of the dam immediately
after the 1971 failure. The geometry used in the analy-
sis was based on that shown in the upper part of Fig. 3.
For the post-failure condition, the driving shear stress
through the critical layer on the downstream side of the
dam was computed to be 0.22 kg/cm 2 + 0.06 kg/cm 2 .

D7



D.2 Pseudostatic Stability Analysis

The purpose of the pseudostatic stability analyses was to
determine yield accelerations to be used for estimating
strains with a Newmark-type analysis for various earthquake
intensities. The strain estimates were then compared with the
strains required to trigger liquefaction.

The shear stresses present along the base of the critical
wedge for an upstream failure, prior to the earthquake, were
related to the drained strengths for all soils. The earth-
quake stresses represented by a horizontal force acting on the
critical wedge will cause additional shear stresses along the
base of the wedge, and for a sufficiently large horizontal
force, yielding of the soils will occur. The yielding that is
relevant to the triggering of liquefaction is that of the
Zone 5 hydraulic fill soils. These soils reach a peak
strength at very small strains and liquefaction is triggered
if yielding causes an accumulation of shear strain of 0.5% or
larger. The question arises as to how much additional
resistance is mobilized in the other soils along the base of
the wedge under the small strains needed to trigger liquefac-
tion. Two assumptions were made for the strengths used in the
pseudostatic stability analysen to obtain upper and lower
bounds for the yield acceleration, as shown in Table D2. The
two assumptions are as follows:

a. the shear strengths in all soils are equal to
the pre-earthquake mobilized shear strengths,
except for the critical soil in which yielding
is assumed to occur at the peak undrained
strength (1,700 psf); and

b. the applicable shear strengths are equal to the
peak drained strength in the rolled fill cap and
ground shale layer and equal to the peak
undrained strength in the clayey core, starter
dike, and Zone 5 of the hydraulic fill shell
(critical soil).

For cases a. and b. the computed yield accelerations of
the upstream slope were 0.05 and 0.07 g, respectively.



TABLE D1 - SOIL PROPERTIES USED IN STABILITY ANALYSES TO
DETERMINE IN SITU DRIVING SHEAR STRESSES

Lower San Fernando Dam

Soil Layer') Total Unit Case A - Case B -
No. Weight, pcf Lower Bound Upper Bound

c 9 c

psf degrees psf degrees

Rolled Fill Cap and 1 120 0 30 0 35

Ground Shale Layer

Clayey Core 2 ) 2 120 1300 0 1970 0
3 120 1600 0 2400 0
4 120 1900 0 2830 0

Starter Dikes 5 120 0 30 0 35

1929-1930 Blanket 6 120 0 40 0 40

1940 Berm 7 120 0 40 0 40

Upstream Hydraulic 8 120 Note 3 0 Note 3 0

Fill Shell

Downstream Hydraulic 9 120 Note 4 0 Note 4 0

Fill Shell

Notes:

1) See Fig. DI for dam geometry and layer numbers used in stability

analyses.

2) Case A corresponds to c/p = 0.2 and Case B corresponds to c/p - 0.3.

3) The strength in this zone was varied until the factor of safety of

the potential upstream failure surface equaled 1.0.

4) The strength in this zone was varied until the factor of safety of

the potential downstream failure surface equaled 1.0.

Project 85669

Geotechnical Engineers Inc. September 2, 1987



TABLE D2 - SOIL PROPERTIES USED IN PSEUDOSTATIC
STABILITY ANALYSES TO DETERMINE YIELD
ACCELERATIONS OF UPSTREAM SLOPE
Lower San Fernando Damn

Soil Layer1 ) Total Unit Yield Strength, Sy
No. Weight, pcf psf

Case A Case B

Rolled Fill Cap and 1 120 400 700
Ground Shale Layer

Clayey Core 2 120 1,400 1,600

Starter Dike 5 120 100 3,400

Upstream Hydraulic 8 120 1,700 I1,700
Fill Shell ______________ __________ ___________

Note:

1) See Fig. D1 for darn geometry and layer numbers used in
stability analyses.

Project 85669
Geotechnical Engineers Inc. September 2, 1987
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APPENDIX E

SHAKE ANALYSES

E.1 General

The computer program SHAKE (Schnabel et al, 1972)
involves a one-dimensional analysis in which the soil profile
is modeled as a series of horizontal layers, and the vertical
propagation of shear waves is considered.

SHAKE analyses were performed on soil profiles through

the downstream and upstream hydraulic fill shells of the dam.

E.2 Soil Profile Through Downstream Shell

A SHAKE analysis was performed using the soil profile at
Location 111 to determine the maximum cyclic shear strain in
each layer of the soil profile which occurred during the 1971
earthquake (see Appendix C, Section C.4). The soil profile at
Location 111 is shown in Fig. 9 of the main text. The ground-
water level for the SHAKE analysis was assumed to be its 1971
elevation, or about 35 feet below ground surface at Loca-
tion 111.

The input parameters for the SHAKE analysis of the
Location 111 soil profile are shown in Table El. Values of
maximum soil modulus coefficient (K2)max, for each layer of
the hydraulic fill shell were estimated on the basis of
corrected 1985 N-values as explained in Table El. The N-
values prior to the 1971 earthquake would be somewhat less
than the 1985 values. We did not try to predict 1971 N-values
for the purpose of estimating maximum soil modulus coef-
ficients because we felt this level of refinement in esti-
mating the coefficients was unwarranted.

Earthquake time histories of acceleration were input at
the surface of the bedrock layer. The earthquake time history
was that obtained from a seismoscope located on the right
abutment. The motion in the direction normal to the axis of
the dam was used. The record, developed by R. F. Scott (Seed,
et al 1973) is shown in Fig. El.

A plot of maximum cyclic shear strain vs depth developed
from the SHAKE analyses is shown in Fig. E2.



E.3 Soil Profile Through Upstream Shell

SHAKE analysis were performed on a soil profile through
the upstream hydraulic fill shell to determine time histories
of stresses applied to the potential sliding mass on the
upstream slope. Stresses from the SHAKE analyses were used to
define time histories of acceleration as discussed in
Section 5.5 of the main text.

The soil profile used for SHAKE analyses of the upstream
shell was taken to be the same as that observed at
Location 111 through the downstream shell, except that the
groundwater level was placed at the ground surface due to the
presence of the reservoir.

The input parameters for SHAKE analyses of the upstream
soil profile are shown in Table E2. Values of maximum soil
modulus coefficient, (K2)max, for each layer were taken to be
the same as those estimated for the downstream slope. The
shear moduli of layers in the upstream profile are less than
shear moduli in the downstream profile due to the lower effec-
tive overburden stresses.

Earthquake time histories of acceleration were input at
the surface of the bedrock layer. The earthquake time history
was that developed by R. F. Scott (Fig. El). The accelera-
tions in the record were scaled to obtain several earthquake
time histories with various peak accelerations for use in
SHAKE analyses as described in Section 5.5 of the main text.



TABLE El - SUMMARY OF INPUT PARAMETERS FOR SHAKE ANALYSIS OF

LOCATION III SOIL PROFILE - DOWNSTREAM SLOPE

Lower San Fernando Dam

Layer1 ) Thick- Total 2) 3) (K2 ) 4) Gmax 4 )

ness Unit Weight (NI) 6 0  m max

ft pcf blows/ft psf psf x 10 6

Dense Fill 20 120 - 780 52 1.45

Zone 1 15 120 22 2140 56 2.59

above groundwater

Zone 1 6 120 22 2840 56 2.98

below groundwater

Zone 2 15 120 15 3230 49 2.79

Zone 3 11 120 20 3720 54 3.29

Zone 4 6 120 30 4040 62 3.94

Zone 5 15 120 11 4430 44 2.93

Alluvium 12 120 - 4940 525) 3.65

Notes:

1) Soil profile is that shown in Fig. 9 with groundwater level 35 feet

below ground surface.

2) (N1 )6 0 is 1985 measured N-value in layer corrected for overburden

pressure, using 60% of the theoretical free-fall hammer energy trans-

ferred to drill rods instead of the measured 72%, and liner effects as

described in Seed, 1985.

3) am is the 1971 octahedral effective stress at the midheight of the

layer, equal to 0 .6 5;v .

4) Maximum soil modulus coefficient, (K2 ) , and maximum shear modulus,;exkN2)and

based on relationships between t ese parameters and (N1 )60 and

am suggested by Seed, et al (1986). Attenuation curves for Damping

Ratio and Shear Modulus based on Seed and Idriss (1970) for cohesion-

less soils. Input earthquake record is that shown in Fig. El.

5) Value of (K2 ) for alluvium same as that used in Seed, et al (1973)

for upper alluvum.

Project 85669

Geotechnical Engineers Inc. Septenber 2, 1987



TABLE E2 - SUMMARY OF INPUT PARAMETERS FOR
SHAKE ANALYSIS OF SOIL PROFILE
THROUGH UPSTREAM SLOPE
Lower San Fernando Dam

Layer I ) Thick- Total 2) (K2)max3 ) Gmax 3 )

ness Unit Weight Bm

ft pcf psf psf x 106

Dense Fill 20 120 380 52 1.02

Zone 1 21 120 1170 56 1.91

Zone 2 15 120 1860 49 2.11

Zone 3 11 120 2360 54 2.62

Zone 4 6 120 2690 62 3.21

Zone 5 15 120 3090 44 2.45

Alluvium 12 120 3610 52 3.12

Notes:

1) Soil profile is that shown in Fig. 9 except that a
groundwater level at the ground surface was used.

2) Bm is the 1971 octahedral stress at the midheight of the
layer, equal to 0.65;v.

3) Maximum soil modulus coefficient, (K2 ) max the same as
those in Table El. Maximum shear modulus, Gmax, based
on 3m and (K2 ) . Attenuation curves for Damping
Ratio and Shear mlodulus based on Seed and Idriss (1970)
for cohesionless goil.

Project 85669
Geotechnical Engineers Inc. September 2, 1987
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APPENDIX F

LABORATORY TESTING PROGRAM

F.1 Introduction

Laboratory tests were performed on the following types of

soil samples from Lower San Fernando Dam:

Source Sample Type

Borings Split-spoon samples
Undisturbed fixed piston samples

Exploration Shaft Undisturbed tripod tube samples
Batch mixes formed from bag samnles

Laboratory tests included index tests, monotonically and
cyclically loaded triaxial tests, and vane shear tests. A
list of all laboratory tests performed on each sample is pre-
sented in Table Fl.

F.2 Preparation of Batch Mixes

Seven batch mixes were prepared from bag samples obtained
from the exploration shaft. The individual bag samples used
to form each batch mix are presented in Table F2, as well as
the elevation range from which the bag hamples were taken. An
attempt was made to form batch mixes which would represent a
particular soil layer encountered in the shaft.

Individual bag samples used to form a particular batch
mix were combined on a large mixing boa- in the laboratory.
The mixture was worked with a shovel until the soil was homo-
geneous. All laboratory tests of batch mixes were performed
on the fraction passing the No. 4 sieve.

F.3 Index Tests

The following types of index tests were performed: spe-
cific gravity, compaction, Atterberp limits, mineralogical
analysis, and grain size analyses. Results of index tests are
summarized in Table F2 and discussed separately below.



F.3.1 Specific Gravity Determinations

Specific gravity tests were performed on each of
the seven batch mix samples. Results of specific gra-
vity tests are presented in Table F2. The measured spe-
cific gravities were used to calculate void ratios of
triaxial test specimens.

F.3.2 Compaction Tests

Laboratory compaction tests were performed on each
of the seven batch mix samples. The tests were performed
in accordance with ASTM Procedure D1557-78, Method A.
Results of the compaction tests are shown in Figs. F1
through Fig. F7.

F.3.3 Atterberg Limits Determination

One Atterberg limit test was performed on the
minus No. 40 fraction of Batch Mix 7. The results of
this test are as follows:

Liquid Limit = 24
Plastic Limit = 20

Plasticity Index = 4

Based on these results, the minus No. 40 fraction

of Batch Mix 7 has a Unified Soil Classification of ML.

F.3.4 Mineralogical Analysis

A mineralogical analysis of a sample of Batch
Mix 7 was performed for GEl by Resource Engineering
Incorporated of Waltham, Massachusetts using reflected
light microscopy. The following results were reported:

Mineral Type Volume %

Quartz 67
Feldspar 15
Clays 10
Opaques 5
Other 3

The shape of most o: the mineral prains -,,as
described as angular or blocky, and equiaxis with vern
few exhihiting a platy strucrture. No orgqnic materials
were found in the sample.

I I III I III II I I I



F.3.5 Grain Size Analyses

Grain size analyses were performed on the following
samples:

No. of Tests Sample Type

10 Split-spoon samples
21 Undisturbed samples
7 Batch mix samples

Grain size curves of all samples tested are pre-
sented in Figs. F8 to F49. Grain size analyses of
triaxial test specimens were performed on a represen-
tative portion of the failure zone of the specimens. In
some cases, two grain size analyses were performed on a
triaxial test specimen to classify two obviously dif-
ferent layers in the specimen.

Grain size curves of undisturbed samples from
Zone 5 of the hydraulic fill shell (critical layer) are
plotted together in Fig. 11. Batch Mix 7 from the same
zone is also shown in Fig. 11.

F.4 Triaxial Tests

F.4.1 General

The following triaxial tests were performed as a
part of this study:

20 Isotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
undisturbed samples.

10 Isotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
remolded samples of Batch Mix 7.

2 Isotropically consolidated, drained triaxial,
monotonic compression (S) tests on remolded
samples of Batch Mix 7.

9 Anisotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
remolded samples of Batch Mix 7.

5 Anisotropically consolidated, undrained
triaxial, cyclic load followed by monotonic
compression (CRR) tests on undisturbed



specimens; the consolidation phase of these
tests included an unloading cycle to measure
swelling properties.

11 Anisotropically consolidated, undrained
triaxial, cyclic load (CR) tests on
remolded samples of Batch Mix 7.

Specimen preparation techniques are discussed
below in Section F.4.2, followed by discussions of the
individual test results in Sections F.4.3 through F.4.7.

F.4.2 Specimen Preparation

F.4.2.1 Undisturbed Tube Samples

The general procedure followed for pre-
paring undisturbed tube samples for triaxial
testing was as follows:

1. The distance from the ends of the tube to
the soil surfaces at both ends of the
tube were measured. These distances were
compared to measurements of the same
distance recorded just after the tube was
taken in the field. Differences between
the two sets of measurements were used to
determine void ratio changes during
sample shipment. In this investigation,
no changes in sample length were measured
during shipment.

2. The X-ray of the undisturbed tube sample
selected for testing was examined to
identify soil layers within the tube.
Triaxial tests were performed on samples
which appeared from the X-ray to be one
soil layer within the tube. The section
of tube for testing was identified and
marked for cutting, leaving about 2 cm on
each end of the section for trimming.

3. The tube was secured vertically in a
chain vise, and stiffening rings placed
adjacent to the cut locations. The pur-
pose of the rings was to prevent the tube
from deforming during cutting and thus to
reduce stresses on the soil during
cutting.



4. The tube cutter was positioned at the
desired cut location and then turned
slowly while applying gentle pressure.
The distance from the top of tube to the
soil was measured before and after
cutting to determine if soil length
changes occurred during cutting. A typi-
cal cut required about 15 to 20 minutes.
In this investigation, little to no
volume changes took place during cutting.

5. To promote saturation and easier sample
extrusion, the bottom section of the tube
was placed in a water bath, allowing
water to be drawn to the top by
capillarity. The bottom was protected by
a piece of filter paper and a porous
stone during saturation, with only the
porous stone coming in contact with the
water.

6. After saturation, the sample was trimmed
to the desired test length in the tube,
and measurements of the sample length
recorded for determining the void ratio
of the sample in the tube.

7. A membrane was placed on a membrane
stretcher and the sample extruded
directly into the membrane. Extrusion
was performed with the tube in a vertical
position.

8. The sample was placed on the bottom pla-
ten of the triaxial cell, the top cap was
placed on the sample, and a vacuum of
about 15 inches of mercury applied to the
sample. Lubricated end platens were used
for virtually all triaxial tests so that
the smallest sample height could be used.
This increased the probability that the
triaxial test specimen would be essen-
tially of one soil type.

9. The diameter and height of the sample
were measured, the triaxial cell
assembled, and the cell filled with
water.

10. The vacuum was locked into the sample by
closing the drainage lines, and the cell



pressure was increased to 0.5 kg/cm 2 .
The drainage lines were opened, releasing
the vacuum and bringing the pore water
pressure to atmospheric.

The sample was then ready for back-
pressure saturation and consolidation as discussed
in Section F.4.2.3 below.

F.4.2.2 Remolded Samples

Triaxial tests were performed on remolded
samples of Batch Mix 7. Only the fraction passing
the No. 4 sieve was used for testing. The soil was
passed through either a No. 10 or No. 40 sieve
prior to testing to break lumps of soil.

Three methods were used to form samples
of Batch Mix 7 for triaxial testing. The first
method consisted of compacting the samples at a
water content of about 7%. After compaction, the
samples were saturated by flowing water through
the samples from the bottom to the top, and then
using backpressure saturation to achieve full
saturation. This method required high
backpressures to achieve proper saturation.

The second method involved placing the
sample as a slurry at a water contenL ranging from
30 to 38%. This method was used for tests R104
and R105. Samples formed in this manner were
found to be very soft and difficult to handle, and
required long consolidation times at low con-
solidation pressures.

The third method was the most practical
and was used for the majority of the triaxial
tests on remolded samples. Samples were compacted
in a mold at water contents typically between 3
and 4%. The following is a detailed summary of
this procedure:

1. A confining membrane was secured in a
sample mold and stretched smooth by
applying a vacuum between the mold and
the membrane. The mold was placed around
the bottom platen of the triaxial cell.
The diameter and height of the mold with
the membrane in place was measured.



2. Using a target void ratio, known mold
dimensions, and the water content of the
batch mix, the required weight of soil
for the test was weighed and mixed with
C02.

3. Samples were compacted to target void
ratios in layers between 1.35 and 1.5 cm
thick by static pressure from a tamper.
The top of each layer was scarified prior
to the addition of the next layer.

4. When the desired sample height was
reached, the top platen was placed on the
sample and the membrane stretched over
the platens. A small vacuum was applied
to the sample, and the mold removed.
Lubricated end platens were used for
almost all tests.

5. After removing the mold, air within the
sample was displaced by flowing CO 2
through the sample. The CO 2 entered the
bottom of the sample under atmospheric
pressure, and was pulled through the
sample by a vacuum. The drainage line to
the bottom of sample was then closed.

6. Sample dimensions were measured with the
vacuum still applied. The cell was
assembled and filled with water, and a
small cell pressure of about 0.1 kg/cm 2

applied.

7. The vacuum was locked into the sample 'by
closing the valve to the top drainage
line. De-aired distilled water was then
slowly introduced to the bottom of the
sample. Water was drawn upward through
the sample under the gradient imposed by
the locked in vacuum. The rate of inflow
was carefully controlled to prevent
surges of water inflow.

8. When the distilled water reached the top
of the sample and appeared in the top
drainage line the sample was ready for
backpressure saturation and con-
solidation. The drainage lines were
opened, releasing the vacuum and bringing

F1S



the pore water pressure to atmospheric,
while the cell pressure was increased
from 0.1 to 0.5 kg/cm 2 .

F.4.2.3 Backpressure Saturation and Consolidation

Backpressure saturation and isotropic
consolidation was performed using a regulated air
pressure system, with air over water interfaces.
Graduated burettes having capacities of 60 ml ,ere
used to measure volume change from either Lhe -op
or bottom drainage lines.

The air regulating system used allowed
simultaneous increase of cell pressure and back-
pressure. Starting from a confining pressure of
0.5 kg/cm 2 and a backpressure of 0.0 kg/cm 2 , the
pressures were increased in increments of 0.5 or
1.0 kg/cm 2 , with drainage lines open. Measure-
ments of the pore pressure coefficient, B, were
performed during incremental increases in cell
pressure and backpressure until the measured B-
coefficient was approximately 0.95 or greater.

Upon completion of saturation, samples
were isotropically consolidated to the desired
effective stress. Volume and height changes were
monitored during each increment of consolidation
stresses.

When necessary, anisotropic consolidation
loads were applied prior to shear. The required
load was calcul,. ?d based on the desired anisotro-
pic stress and the estimated area after isotropic
consolidation. Anisotropic loads were applied
using either a dead load system, air pressure in a
triaxial cell top with a built in air piston, or
by loading the sample at a slow strain rate in a
load frame. In all cases, the load was monitored
by a load cell mounted beneath the soil sample.

At the completion of consolidation, the
samples were loaded either monotonically or cycli-
cally. After loading the samples were recon-
solidated to their original isotropic stresses,
(for undrained tests). The drainage lines were
closed, and the triaxial cell dismantled. The
final water content was then measured, using one
half of the specimen for undisturbed tests and the
whole sample for remolded samples. The final



water content, final weight of solids, and speci-
fic gravity were then used to calculate the void
ratios during shear and consolidation.

F.4.3 R Tests - Undisturbed Samples

Twenty R tests (RI through R20) were performed on
either undisturbed tripod tube samples from the explora-
tion shaft, or on undisturbed fixed piston tube samples
from borings. The purpose of the tests was to provide
data for determining the in situ undrained steady state
shear strength of the soils.

Resultb if R tests on undisturbed samples are sum-
marized in Table F3, and summary plots for the individual
tests are presented on Figs. F50 through F69. Triaxial
consolidation curves for samples from Zone 5 are pre-
sented in Fig. F70, and consolidation curves for all
other undisturbed samples are shown in Fig. F71.
Descriptions of undisturbed samples after triaxial
testing are presented in Table F8.

Conventional end platens were used for the first
five 7 tests (71 through 75). The remainder of the tests
were performed using lubricated end platens. The reason
for choosing lubricated ends was to minimize the number
of layers within a given test specimen. The height-to-
diameter ratio for the conventional end samples ranged
from about 2.1 to 2.3, while the lubricated end platen
tests were performed using a height-to-diameter ratio of
about 1.5.

The drainage lines to the specimens were closed at
the conclusion of consolidation and the samples sheared
in monotonic compression. All of the tests were per-
formed in a strain controlled loading device. Pore
pressure changes, applied load, and axial deformation
were monitored throughout the tests. Axial strain rates
were chosen to allow pore pressure equalization during
shear. Axial strain rates ranged from about 0.21 to
0.76 %/min.

The samples were typically sheared to an axial
strain of about 25%. Test R11 and R12 were stopped at
lower strains because the applied loads had reached or
exceeded the capacity of the load cells.

The drainage lines were opened at the conclusion
of shearing to allow excess pore pressures to dissipate.
The volume change during reconsolidation was recorded,



and the drainage lines were again closed. The triaxial
cell was dismantled and the sample was cut vertically.
One half of the sample was used for water content deter-
mination, and the remaining half was photographed and
visually classified. A representative portion of the
sample in the failure zone of the specimen was selected
for grain size analysis.

F.4.4 R Tests - Remolded Samples, Isotropically
Consolidated

Ten R tests, (R101 through R1 10) , were performed
on isotropically consolidated remolded samples of Batch
Mix 7. The samples were prepared using three procedures,
as discussed in Section F.4.2.2 above. The purpose of
the tests was to develop the steady state line for Batch
Mix 7.

Results of these tests are summarized in Table F4,
and summary plots for the individual tests are presented
in Figs. F72 through F81.

The shearing procedure for these tests was essen-
tially identical to that used for undisturbed samples.
Pore pressures, load, and axial deformation were measured
continuously while the samples were sheared at slow
strain rates to allow pore pressure equalization. The
strain rates ranged from about 0.07 to 2 %/min.

The steady state condition was not reached in Test
R104, one of the samples prepared as a slurry. The value
of af at the end of this test was plotted in Fig. 15 and
an arrow shown next to the data point to indicate that
afs was not reached.

The procedure for reconsolidating the sample and
measuring the water content at the end of the test was
similar to the procedure for the R tests on undisturbed
samples, except that the entire sample was used for the
water content determination.

A plot of q vs p for all isotropically consoli-
dated R tests on Batch Mix 7 samples is shown in Fig. F84.
This plot shows that the steady state friction angle of
Batch Mix 7 was consistently 340 for values of p less
than about 13 kg/cm2 . The friction angle decreased
slightly at higher effective stresses.

The steady state lines for Batch Mix 7 (Figs. 15
and 17, in terms of 3fs and Sus, respectively) were



determined on the basis of the measured values of (F3s and
a steady state friction angle of 34* . The corresponding
relationships are:

(f s s. )3s = 1.56 53s for 9 = 340
\1-sinp
(sinicosw) 53s = 1.05 53s for q = 340

S1-sinq,

Sus/5fs tan

F.4.5 S Tests - Remolded Samples

Two S tests (SI and S2) were performed on isotro-
pically consolidated remolded samples of Batch Mix 7.
The purposes of the tests were to provide additional data
for developing the steady state line, and to demonstrate
the independence of test type on the steady state
strength of a soil. Results of these tests are presented
in Table F4 and individual test results are shown in
Figs. F82 and F83.

Both S tests were performed using lubricated end
platens, and were set up following the same general pro-
cedure discussed in Section F4.2.2. The samples were
sheared under conditions of controlled strain at a rate
slow enough to allow pore pressure dissipation.
Measurements of applied load, axial strain, and volume
change were measured during shear.

The minor principal stress was decreased during
shear in an attempt to keep the effective stress on the
failure plane constant throughout the test. The effec-
tive stress on the failure plane varied somewhat during
shear as shown by the stress paths in Figs. F82 and F83.
The samples were contractive throughout shear, and the
void ratios were essentially constant at the end of the
test.

F.4.6 R Tests - Remolded Samples, Anisotropically
Consolidated

Nine R tests (K201 through R209) were performed on
anisotropically consolidated remolded samples of Batch
Mix 7. The main purposes of these tests were to deter-
mine peak strengths and strains and to investigate their
variation with strain rate. In addition, five of the
tests reached a steady state condition and provided addi-



tional data for defining the steady state line of Batch
Mix 7. Results of these tests are summarized in
Table F5, and summary plots for the individual tests are
shown in Figs. F85 through F93.

The samples were prepared as discussed in Section
F.4.2.2 above. Both lubricated end platens and conven-
tional end platens were used as shown in Table F5.

Anisotropic stresses were applied at the end of
isotropic consolidation. This was done by applying an
axial load with a dead load frame or an air piston.

The samples were tested at strain rates that can
be considered either slow (<1%/min.), medium (about 30 to
50%/min.), or fast (from 3800 to 4900%/min.). The slow
and medium strain rate tests were performed under con-
ditions of controlled strain. Fast strain rates were
achieved by instantaneously applying a large compression
pulse to the load piston attached to the top of the
sample. Test results were recorded on a strip chart
recorder, and the strain rate reported in Table F5 was
measured from the record. The strain rate at the
beginning of the test tended to vary, until the sample
had passed its peak strength. Thereafter the sample
tended to deform at a relatively constant velocity.
Strain rates reported on Table F5 are based on the
constant velocity portion of the test.

F.4.7 CRR Tests - Undisturbed Samples

Five triaxial tests (CR1 through CR-R5) were per-
formed on undisturbed samples primarily to obtain recon-
solld3tion characteristics of the soil after being
su'ject( to cyclic loading. The tests are designated CR
to indicate cyclic loading under undrained conditions and
R to indicate monotonic loading after cyclic loading.
The following procedure was followed:

Phase Procedure

a Anisotropically consolidate specimen to
the approximate in situ stresses at the
sample location prior to the 1971 earth-
quake.

b Close drainage to specimen and cyclically
load specimen to a maximum cyclic axial
strain (single amplitude) of about 3%.
Restrictors were placed on the load

T 1! '



piston so that cyclic strains would not
exceed 3%.

c Open drainage to specimen and measure the
decrease in void ratio caused by dissipa-
tion of excess pore pressure in specimen.

d Anisotropically consolidate specimen to
the approximate in situ stresses at the
sample location in 1985.

e Decrease consolidation stress to BIc
53c = 0.1 kg/cm 2 .

f Isotropically consolidate specimen to
;3c = 8.0 kg/cm 2 .

g Shear the specimen in undrained monotonic
compression.

Undisturbed samples ranged from a
slightly silty, widely graded sand to a clayey
silt. Grain size curves of samples tested are
presented in Figs. F45 to F49. Descriptions of
individual samples after triaxial testing are pre-
sented in Table F8.

Plots of void ratio e vs j3 for each test
are presented in Figs. F94 to F98. These plots
show void ratio changes which occurred during each
of the phases described above.

A summary of Phases a through c is ere-
sented in Table F7. During cyclic loading, 03
decreased from initial values ranging from 2.5 to
3.2 kg/cm 2 to final values ranging from about 0.1
to 0.3 kg/cm 2 . Drainage after cyclic loading
caused void ratios to decrease in the range of
0.027 to 0.048.

Phase "e" was performed to obtain data on
the amount of swelling caused by a decrease in
consolidation stress. A ploL of swelling coef-
ficient (Ae/Alogao) vs initial void ratio is shown
in Fig. 13.

Samples were reconsolidated to 03c
8 kg'cm 2 prior to the R phase. Results of the R
phase are presented in Table F3 and data plots for
individlal R tests are presented in Fis. r'9 n
F 0 3.



F.4.8 CR Tests - Remolded Samples

Eleven cyclic triaxial tests (CRI01 through CR111)
were performed on anisotropically consolidated remolded
samples of Batch Mix 7. The tests are referred to as CR
tests to indicate that a cyclic axial load was applied,
and that the samples were undrained during shear.
Results of these tests are sumimarized in Table F6, and
summary plots of the individual tests are shown in
Figs. F106 through F115.

The purpose of these tests was to determine the

minimum axial strain required to trigger specimen failure
after undrained cyclic loading. The consolidation
stresses were chosen such that the ratio of undrained
steady state shear strength to driving shear stress on
the failure plane would be as close as possible to 0.54,
the same as the factor of safety against a liquefaction
flow slide, Sus/Td, through the critical layer (Zone 5)
on the upstream side of the dam in 1971. Because of the
sample preparation and consolidation procedures used, we
typically achieved laboratory Sus/Td ratios of 0.60 to
0.70.

It was desired to apply cyclic transient loads
that would not be available to drive the failure. Only
the static (consolidation) anisotropic loads would drive
the failure. A loading apparatus was developed that
allowed application of triangular shaped axial compres-
sion pulses. A schematic diagram of the loading appara-
tus is shown in Fig. F104. The anisotropic load (Lc) was
applied to the sample by adding dead load to the hanger
system beneath the sample. At the conclusion of con-
solid:tion, the drai,,age lines to the specimen were
closed. The cyclic load Fa) was then applied by

imparting blows to the spring/cushion system above the
sample using a hand-held sledge hammer. The stiffness of
the spring/cushion system resulted in triangular spikes
lasting about 0.03 to 0.05 seconds.

The force applied to the loading yoke was moni-
tored using a load cell mounted beneath the spring/
cushion system. The2 load applied to the soil was
measured using the load cell mounted below the soil
sample. Axial strain was measured using DCDT's mounted
on the load piston, and pore pressure was monitored using
standard pore pressure transducers. All measurements
were recorded on a strip chart recorder.



A typical strip chart record, from test CR111, is
shown in Fig. F105. The record has been redrawn to shot,
axial strain (Ea) instead of deformation, and effective
minor principal stress (3) instead of pore pressure.
The applied cyclic forc- F a is the force applied over and
above the anisotropir2 consolidation load Lc. The total
soil force Fr is the ,,ad resisted by the soil at any
point in time, and thirefore includes the anisutropic
load and any additional load imparted to the soil by the
cyclic loading.

As shown in Fig. F105, the applied cyclic force
for test CR1I greatly exceeded the available soil
resistance, (i.e. a force of approximately 36 kg was
applied to the loading yoke, while the soil could resist
only about 19 kg more than the consolidation load).
Therefore the sample yielded and accumulated axial
strain. Two load cycles of approximately equal magnitude
were applied in the test.

The axial strain at the end of cyclic loading for
test CR111 was about 0.47%. After cycling had stopped
the sample continued to creep under constant load to P

strain of 1.05%. At that point the creep rate acceler-
ated and the sample underwent rapid failure.

The significance of the axial strain at the end of
cycling, and at the start of rapid failure can be seen by
observing the stress-strain curve for anisotropically
consolidated sFecimens loaded monotonically at slow
strain rates. The axial strain at peak for the strain
controlled tests averaged about 0.1%. Therefore, the
strain at the end of cycling during test CR111 had
exceeded the strain to peak. However, during the strain
controlled tests the available soil resistance at strains
of up to about 1% was greater than the consolidated
shear stress. Therefore, during the cyclic test, when
the accumulated strain had reached about 1%, the driving
shear stress exceeded the soil resistance, and the sample
failed rapidly.

F.5 Laboratorv Vane Shear Test

One laboratory vane shear test was performed on an
undisturbed sample of the clavey core (Sample UF14C from
Boring U105). This sampl e was located below groundwater level
at the time of sampling in 1985.

The laboratory vane was 1.27 cm in diameter and 1.27 cm
,n height. The vane rotation rate was 19 degrees/second.



Results of the vane shear test are presented in
Fig. F116, which includes a plot of vane shear strength vs
displacement of the periphery of the vane.
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S-100%. for G-2.68

120

110

..100

Z 90

o I

80

70
0 5 10 15 20 25 30

WATER CONTENT AFTER COMPACTION, w, %/

SOURCE OF SOIL :Exploratory Shaft

SOIL DESCRIPTION: Batch Mix 1; Bag Samples BS1O2, BS1O3, BSlO4;
Silty Sand (SM)

COMPACTION PROCEDURE :ASTM D1557-78, Method A

NOTE: "B"1 indicates bleeding of water from base of
compaction mold during compaction.

Army Corps of Engineers Re-evaluation of
Vicksburg, Mississippi Lower San Fernando Dam COMPACTION CURVE

San Fernando, California BATCH MIX 1

(\GEO'rECIJICAL ENGINEERS8 INC.______________ ______________

XProject 85669 Feb. 20, 1986 Fig. Fl



130

120

110 
1

0

0

80

0 5 10 15 20 25 30

WATER CONTENT AFTER COMPACTION, w, %

SOURCE OF SOIL :Exploratory Shaf t

SOIL DESCRIPTION Batch Ml, 3ag Samples BS1O5, BS106. kblui;
SILT (ML-t--

COMPACTION PROCEDURE: ASTh D1557-78, Method A

NOTE: "B'" indicates bleeding of water from base of
compaction mold during compaction.

Army Corps of Engineers Re-evaluation of
Vicksburg, Mississippi Lower San Fernando Dam COMPACTION CURVE

GETCHIALEGIEMS1rSan Fernando, California BATCH MIX 2

Proiect 85669 Feb. 20, :986 Fig. F2
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S-100%. f or G.'2. 67

120 - I II~~ I

110

Q

-100

0

0

80

0 5 C 15 20 25 30

WATER CONTENT AFTER COMPACTION, %

SOURCE OF SOIL Exploratory Shaft

SOIL DESCRIPTION :Batch Mix 3; Bag Samples BS1O8, BS1O9, BSllO;
Sand and Silty Sand (SP-SM)

COMPACTION PROCEDURE: ASTM D1557-78, Method A

NOTE: "B" indicates bleeding of water from base of
compaction mold during compaction.

Army Corps of Enszineers Re-evaluation of COMPACT:ON CUYRVELoer San Fernando Dam

Vikbu ! Mtssip BCI MI

,San Fernando, California(I) GorECHNIC85 Feb. 2C, _986 _ _ _ __F_

'roject E56 [ e.2. I8 i.F
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S-100% for G-2.68

1 2C

110

U

~90

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

80

70
0 5 10 15 20 25 30

WATER CONTENT AFTER COMPACTION, w, %

SOURCE OF SOIL: Exploratory Shaft

SOIL DESCRIPTION : Batch Mix 4; Bag Samples BS112, BS1lJ, BS114,
Silty Sand (SM)

COMPACTION PROCEDURE : ASTM D1557-78, Method A

NOTE: "B" indicates bleeding of water from base of
compaction mold during compaction.

Army Corps of Engineers Re-evaluation of CMATO UV
Vicahre Misisipi Lower San Fernando Dam BATCH MIX 4

San Fernanido, California()GEcOrECHNICAL ENOINEEFts INC, _____________ ______________

Project 85669 Feb. 20, 1986 Fig. F4
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5-100% for G-2.67

U!10

110,

100

, I B 8
90i

90

80

70
SC10 15 20 25 30

WATER CONTENT AFTER COMPACTION, w, %

SOURCE OF SOIL : Exploratory Shaft

SOIL DESCRIPTION Batch Mix 5; Bag Samples BS201 through BS205;
Silty Sand (SM)

COMPACTION PROCEDURE : ASTM D1557-78, Method A

NOTE: 'T" indicates bleeding of water from base of
compaction mold during compaction.

Arm.v Corps of Engineers Re-evaluation of COMPACTION CURVE
Vicksburg, Mississippi Lower San Fernando Dam BATCH MIX 5

San Fernando, California
CEkY1F-'CHNICAL ENGINEEM INC

Prolect 85669 Feb. 2C, 1986 Fig. F5
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S-1007. for G-2.68

12

CLi

BB

i 0

0

C b

80

5 1 5 20 25 30

WATER CONTENT AFTER COMPACTION, w, %

SOURCE OF SOIL: Exploratory Shaft

SOIL DESCRIPTION : Batch Mix 6; Bag Samples BS207 through BS210;

Silty Sand (SM)
COMPACTION PROCEDURE : ASTM D1557- 7 8, Method A

NOTE: "B" indicates bleeding of water from base of
compaction mold during compaction.

Army Corps of Engineers Re-evaluation ofCMACO CUV
Vicksburg, Mississippi Lower San Fernando Dam COMATIC URVE

San Fernando, CaliforniaBTH l

SOrECH7JICAL ENGINEERS INC
0proect 85669 L Feb. 20, 6 Fig. F6
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120 S 1 100% for G-2.67

110

0 1 0

0

S90

/ 0*

0 5 10 it 20 25 30

WATER CONTENT AFTER COMPACTION, w, %

'OURr'E OF SOIL: Exploratory Shaft

SOIL DESCRIPTION : Batch Mix 7; Bag Samples BS301, ES302, BS304,
BS305, BS306, BS308, BS309, BS311; Sandy Silt (ML)

CnMPACTION PROCEDURE : ASTM D1557-)8, Method A

NOTE: "B" indicates bleeding of water from base of

compaction mold during compaction.

Army Corps of Engineers Re-evajuation of COMPACTION CURVE
Vicksburg, Mississippi Lower San Fernando Dam LATCH MIX 7

San Fernando, California1NC EN86INEE9S IN(; 20, __986_ FirF
* [' roject e5669 Feb. IC, 1986 Fig. FT
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0.71 .

e tube

0.69

Phase*

0.67 a

4)b (7, 4.0 kSC

- 0.65

0 0.63

0.61d

0.59

0.0 0.01.0 ' 10

Ukg /cr 2

*See text of Appendix for explanat4'on of Phaces.

ArmyCors o Eniners e-ealutio ofSUMM1ARY OF VOID RA7IO
ArmyCorp ofEngieer Re-valatio ofCHANCES - TEST CRR2

Vicksburg, Mississippi Lower San Fernando Dair EXPLORATORY SHAFT

(J~JIC.L ~G~E~ NC San Fernando, California SAM!PLE Ts3O6A

()1 Project 85669 Sept. 2, 1987 Fig. F95



0.61 T

e tube

0.59

0.57 
__Pae

4) 0.5528 S

0.53

0.51

0.1L 0,100 10

*See text of Appendix for expianation of Phases.

ArmyCorp ofEngieer Re-valatio ofSUMMARY OF VOID RATIC
Artn Cops o Enineee R-evauaton o ('4j&NGES - TEST CRFR3

Vicksburg, Mississippi Lower San Fernando Dayr EXPLORATORY SHAFT
San Fernando, California SAMPLF TSiI12

GF, cH~cALENGrNEERS INC

(1 -1.1*-- -&A-" Project 85669 Sept. 2, 1987 Fig. F_9e_



0.80 I 'l

etu be

0.78

077 
b FT,3.2 ksC

a)0.74

0

c- C

f

> 0.72

0 70

0.68

0.66 1
0.05 0.10 1. 20

S kg/cm

*See text of Appendix for explanation of Phases.

I SUMMARY OF VOIL RATIO
Army Corps of Engineers Re-evaluation of CHANGES - TEST CRR4
Vicksburg, Misvissippi Lower Sne Fzrnnne', Dsr, BORING U1liA

- San Fernando, California SAMPLE UF9F()G~ECMCNICAL ENGINEERS INC
Project 85669 Sept. 2, 19V' Fig. F97



0.56 H

e tube

0.54

0.52 
Pae

S0.50-

0.46

0.46

0.05 0.10 1.0 10

G_ g/cm2

*See text of Appendix for explanation of Phases.

Army Corps of Engineers Re-evaluation of SUMMARY OF VOID RATIO
Vicksburg, Mississippi Lower San Fernando Dam~ CHANGES - TEST CRR5

San Fernando, California Fr RN U111

FrojeLt ?566q Sept. 2, 1987 Fig. F98
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IF 
LOADING 

YOKE

LEGEND,

Fa APPLIED IMPULSE FORCE

SSPRING TO DISTRIBUTE IMPULSE FORCE

LC 2 - LC Il WOAD CELL TO MEASURE IMPULSE
APPLIED TO LOADING YOKE

I LC 2[3 LOAD CELL TO MEASURE SOL LOAD

T 11 DCDT'S TO MEASURE AXIAL DEFORMATION

- ~ IFZ LUBRICATED END PLATENS

LC~ ADJUSTABLE MASS FOR BALANCING

SYTMAND CONTROLLING MASS
MOMENT OF INERTIA

NO TE- L C DEAD WEIGHT SYSTEM FOR APPL(ING

THE FOLLOWING ARE NOT SHOWN: AIORPCCNOIAINSRSE

I. Air Pressure Regulating System
2. Back Pressure and Cell Pressure Llnes
3. Pore Pressure Transducer
4. Volume Change Measurement System
5. Strip Chart Recorder

NOT TO SCALE

Army c orps of Engineers Re-evaluation of I SCHEMATIC DIAGRAM1

Vicksburg, Mississippi Lower San Fernando Dam OF LOAD CONTROM.LEPC

- San Fernando, California CYcL:: DEVTCF

(;YFH~AEuNEsProject 85669 JSept. 2 , 198F7 F Q, F10,
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2.0

W N I Anisotropic loads applied with air piston system

.~1.0

compression

U)0

extension

2.07

LjJ Z ~-Strain at end of 3rd compression cycle 19.7%.

~ ~-Strain at start of rapid failure 0.78%

0 L teyion

1.0 1

-compression

W. .- Start of rapid failure; pore pressure not equalized.~ N ext.

* -End of 'rd comoression cycle; pore Dressure

not equalized.

... ..........

0 4 8 :2 16 20
CYCLE N!W:iBER

SOIL: Batch Mix 7. Silty Fine Sand with 5C.5". slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4% water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: C c 2.00 kgicrr e c 0.646

C3, = 1.00 kg/ cir2  ydc - 102.C pcf

LOADING: Undrained Cyclic Axial Compression.

Air Piston Load Application Systemr

Ar-my Corps of Engineers Re-evaluation of SUJMARY PLOTS
'cksburg, Mississippi Lower San Fern-ando Damn CYCLIC TRIAXTAL

ISan Fernarmo, Califo-nia T CsTJ~1C

Project 85669 ISept. _, 1987 Fig. 7106



En c 1.5 qr defined in lable F6

Uj
or E

0.- V.
V)

M: 
1.0

c - 0.5 qr (Note: qa not measured)

0

10.0

e ,
>

S "5.0 /

D j o /

0 " -

1.0I 1

U)

o U,

EC) u
n

£ . 0.5

o .-- 20% strain; pore pressure

not equalized.
U-

0 4 8 12 16 20
CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5. slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4% water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: cic . 2.03 kg/c 2  e = 0.636C

0 3 1.00 kg/cm 2  
= 102.6 pcf

3dc
LOADING: Undrained Cyclic Axial Compression.

Army Corps of Engineers Re-evaluation of SUMMARY PLOTS
'Icksburg, Mississippi Lower San Fernando Dam CYCLIC TRIAXIAL

- San Fernando, California TrST CR102
GOTECH ,, , ]ENGINEERS INC

projiect 85669 J ept. 2, 1987 Fig. F107



2.0

5 a and q defined in ]able r6

_ E

W 1.0 -Average qa

< / '- Average qr

P r

0

20 

L~Z

_j cn) 10

UX

1.0 l\ I

00

'- E
U,

w -x 0.5 -- ________

LU

0 40 80 120 160 200
CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.57. slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4. water content

in 8 layers. Soil passed tnrough No. 40 sieve.

STATE: oc = 2.05 kg/cr' e = 0.593IC C

3c 2.00 kglcrr Ydc - :5.4 pcf
LOADING: Undrained Cyclic Axial Compression.

Army Corps of Engineers Re-evaluation cf SUMMARY PLOTS
'icksourg, Xisslssippi Lower San Fernanoc Darr CYCLIC TRIAXIAL

San Fernando, California TEST C7103
GEOr'EC-NICA.L ENGINE:ERS INC

L Proect 85669 Sept. 2, 1987 Fig. F108



1, y . and q defined in Table F6

05

0
2.0 I I I

Iample crept to start of rapid straining at
W Z r = in 4 seconos.

-- 0

n ~1.0

..X

0 -- -

1.0

V)

~-E

0 4 8 J2 '6 20
CYCLE NUMBER

SCLL: batch IMix 7. Silty Fine Sand with 5C.5%. slightly
plastic fines.

STRUCTURE: F emolded. Compacted moist at 4% water content

... ' 1nt"""r_.. Soil_ peard through No. 4C sieve.

STATE: ... 2.00 kg/cnr e C.b60

LOADING: Snorained Cvlc xalCmtesin

Arnn v Corps of Engonoers F:e-evaiuatior cxf SUMMAR.Y PLOTS
Sar Fernando, California TLST CR:04

(t\ LN'C UGr'tEER.S iNC'

j Prorect 5566.



2.0-

U q and qr defined in Table F6

Wa E
U

.g10
=~ .L" 0.5

0o I I I I I
0.0

Z

" -U) 5.0--

0X L

a~ . I i I 1 I

•* - 20 strain; pore pressure not ecualized.

LU

10

0 4 8 12 16 20

CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.57. slightly

plastic fines.

STRUCTURE: Retnolded. Compacted moist at 47. water content

in 8 layers. Soil passed through No. 40 sieve.

STATE: C, = 2.01 kg/cm 2  e = 0.647

cnc

LOADING: Undrained Cyclic Axial Compression.

Army Corps of Engineers Re-evaluation of SUMMl~ARY PLOTS
Vicksurg, Mississippi Lower San Fernando DaM CYCLIC TRIAXIAL

San Fernando California TEST CR05(ST C1gECHNICAL, I, C.

* B J Project 85669 jSe~t. 2. 1987 ,rig. FII0



N 1.5 qa and qr defined In Table F6
Ul
E
uq

.~1.0

a:r
N5

0
2.0

Sample crept to start of rapid straining at
a 1.25% in 4 seconds.Z a

p Cr

_J ) " 1.0 -

D ,

oxo

wC. LE.00 I , ,, I
- - Start of rapid straining; pore pressure eouaiized.

.)

0

in 8 strain; pore pressure not eoualize .

0  4 8 12 16 20
CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5" slightly
plastic fines.

STRUCTURE: Re ,olded. Compacted moist at 4-4 water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: jlc- 2.00 kg/cm2  e C 0.643

C 3c' 1.00 kg/cm 2  Irdc ' 102.2 pcf

LOADING: Undrained Cyclic Axial Compression.

Army Corps of Engineers Re-evaluation of SUMMARY PLOTS
Vicksburg, Mississippi Lower San Fernando D m CYCLIC TRIAXIAL

San Fernando, California TES: C i06
GP eT8EcHNrC 9EGI9EERS gCc - c , Project 85669 Sept. Z, 1987 Fig. F111



2.0

1 q and q defined in 1able F6

W E

m - 05,

2.0I

LLJZ Sample crept to start of rapid straining

.= U 1.0

WX-

0 I I

2.0

E

Uj Ob 05 crStart of rapii straining; pore pressure
at, equalize n. s

wa

~20' strain; pore pressure not equalized.-

0

04 8 12 6 20

CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5% slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4'Z water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: 01c = 2.00 kg/cm2  e - 0.649

C,,
-E

a 3c = 1.00 kg/ctm2  'rdc = 101.8 pcf

LOADING: Undrained Cclic Axial Compression.

Army Corps of Engineers Re-evaluation of SUMMARY PLOTS

Vicksburg, Mississippi Lower San Fernanoo Darn CYCLIC TPIAXIAL
San Fernando, California TEST CRI08

GF-AqT,'CHNICA.LENGINEERS INC

ProSect 8566ah Sept. 2, 987 Fig. Fw52



2.0

c, t 1.5 qand q defined ir Table F6
UJa

.~1.0

= 05 qq

0
2. 0

0. M '! Sample crept to start of rapid straining at

-s"'n -0 1.05% in 65 econds.

_ '

1.0

~- E

-Start of rapid straining; pore pressure
. 5 equalized.

L) 20% strain; pore pressure not equalized.

LUJ

0 4 8 12 16 20
CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5% slightly

plastic fines.

STRUCTURE: Remnolded. Compacted moist at 4% water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: ;1c = 2.01 kg/cir. e c 0.645

03c = 1.00 kg/cm2  ^rdc ' 102.0 pcf

LOADING: Undrained Cyclic Axial Compression.

Armny Corps of Engineers Re-evaluation of SUMMA.RY PLOTS
Vicksburg, Mississippi Lower San Fernando Damn CYCLIC TRIAXIAL

'San Fernando, California TEST Cf1O9(4)TF GE-NIA ENGACNEERS ICProject 85669 jSept. 2, 1987 Fig. F113



2.011- I I ,

Er a and q d efined in lable F6

W K 1.5

1 .L05

U)

0
2.0

~-Sample crept to start of rapid straining
- .0at E 1.19% in 42 minutes.

1 0 a

L) X

1.0 I

U)

(NJ
S E

~-Start of rapid straining; pore pressure
.~ eoualized.

u.. . - 20% strain; pore pressure not eoualizec.

0 4 8 12 16 20
CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5'i slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4" water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: al, = 2.00 kg/cm2  e - C.651

0 3c - 1.00 kg/cm2  'rdc. 101.7 pcf

LOADING: Unorained Cyclic Axial Compression.

Ar-my Corps of Eng-neers Re-evaluation of 1 SUMMO~ARY PLOTS

ISan Fernando. California TEST CR110

04 _A-sf j Pro-ject 85669 Sept. 2, 1987 Fig. F114



2DO

N 1.5 p and q defined in Table F6
1 -E a r

E

-
1.0 P~q

0
2.0

J .- 10 - Sample crept to start of rapid straining at
c 0.98% in 6.3 minutes.

-- V a

0
1.0

* EL
U)U

- Stnrt oFr rapid straining; pore pressure
J JK equalized.

20% strain; pore pressure not equalized.

o.1I,. ! . 1.

0 4 8 12 16 20

CYCLE NUMBER

SOIL: Batch Mix 7. Silty Fine Sand with 50.5% slightly
plastic fines.

STRUCTURE: Remolded. Compacted moist at 4% water content
in 8 layers. Soil passed through No. 40 sieve.

STATE: a1c = 2.00 kg/cm e = 0.646

a3c = 1.00 kg/cm 2  
Ydc ' 102.0 pcf

LOADING: Undrained Cyclic Axial Compression.

Army Corps of Engineers Re-evaluation of SUMMARY PLOTS
Vicksburg, Mississippi Lower San Fernando Dam CYCLIC TRIAXIAL

San Fernando, California TEST CR111

Gw-CIPoeCAL ENO!566ERS ENC. F
Project 85669 1Sept. 2, 1987 Fig. F115
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